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CORNELIUS LOTT SHEAR, 1865-1956 


John A. Stevenson 


Cornelius Lott Shear, botanist, mycologist, plant 
pathologist, died in Monroe, Louisiana, on February 
9. 1956, after a long illness. Dr. 
March 26, 1865, at Coeyman’s Hollow, near 
New York, the son of Henry and Mary 
Shear. 

He graduated from the New York State Normal 
School at Albany in 1888 and taught in secondary 
schools for some years before entering the University 
of Nebraska in 1894. From this institution he received 
the B.S. degree in 1897 and the M.A. in 1901. The 
Ph.D. degree was conferred by George Washington 
University in 1906, Dr. Shear’s studies of cranberry 
diseases forming the subject matter of his dissertation. 


Shear was born 
Albany, 


(Speenburg ) 


During his undergraduate years he served in the 
summer months as a special field agent of the Division 
of Agrostology of the United States Department of 
Agriculture and from 1898 to 1901 as an assistant 
agrostologist with the same Division. A number of 
Department publications recorded his taxonomic work 
with the genus Bromus and his field studies of western 
Since his early 


grasses and other forage plants. 
youth in New York, where he had been encouraged 


in the study of fungi by Charles Peck, the State 
Botanist, and FE. A. Burt, one of his Normal School 
instructors, his real interest had been with this group 
of plants, and with the establishment of the Bureau 
of Plant Industry in 1901 he seized the opportunity 
to join the famous Galloway team of “vegetable pathol- 
ogists.” 

Cotton root rot, a disease then rampant in Texas, 
particular 


was his first assignment, and he 


attention to its etiology and to a search for control 


gave 


named the causal 
collaboration 


measures. He 
first time and in 
papers on the nature of 


organism for the 
published several 
the disease and the results 
of field experiments. 

fruit 


became its 


transferred to the small 
project and shortly thereafter 
head, a position retained until his retirement. To his 
duties in this added in 1923 


headship of the Division of Mycology and Disease 


Shear was soon 


disease 
position there was 
Survey, formed by the consolidation of the offices of 
the Plant Disease Survey and Pathological Collections 
of the Bureau of Plant Industry. 

In the cranberry disease work, he early established 
a reputation as a careful and effective worker and 
was a welcome figure at national and local meetings 
of cranberry growers. Either alone or in collaboration 
with N. E. worked out the 
etiology of the various fungus diseases of this crop 
and studied relation of cultural 
methods, factors to 


Stevens and others, he 
intensively the 
fungicidal sprays, and other 
More than 25 
contributions in this field. 
small fruit diseases neglected. He 
black rot and other 


disease control. papers covered his 


Nor were other 


worked intensively on grape 
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diseases, always giving particular attention to the 
life histories of the fungi concerned. General treatises 
on diseases of grape, cranberry, and other small fruits 
were published in the Farmers’ Bulletin series of the 
Department. 

With the coming of the chestnut blight scourge, 
Shear was detailed to study the causal fungus, to work 
out its life history, and to determine whether it was 
in fact an introduced species or an American species 
“gone Here again in collaboration with 
Stevens and others, he definitely settled the mycolog- 
The bulletin on Endothia 
parasitica and related species is a classic in mycolog- 


wrong.” 
ical problems involved. 


ical research. 

As a result of the work of himself and associates 
with strawberries and cranberries in particular, he 
early came to appreciate the enormous losses that 
occurred between the time of picking the crop and 
its use by the consumer. Several papers were pub- 
lished calling attention to these facts and the need 
for action. Preliminary steps taken by federal and 
state governments to meet the situation were discussed 
and the great possibilities of saving food during war- 
time scarcities emphasized. 
activities were many. He 


Shear’s extra-curricular 
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322 
was interested in Botanical Abstracts and its succes- 
sor, Biological Abstracts. He was long concerned with 


stability and uniformity in botanical nomenclature 


and took an active part in several international botan 
His acc omplis iments 


ical congresses. in this field are 


recounted elsewhere (Taxon 

He was not only a charter member of the American 
Phytopathological Society but the actual individual 
who took the necessary ste ps to crystalize the feeling 


of many phytopathologists of the time and to get 
the Society under way. In his history of the first 
decade of the Society (Phytopathology 9: 165-170. 
1919.) he relates the story of its founding in coopera 


tion with W. A. Orton, Donald Reddick. L. R. Jones. 


and others. He served the Society as Secretary 
Treasurer for 9 years, as a member of the Board of 
Editors, and as President in 1919. He did much to 
shape the policies of the infant organization and 
maintained a deep and abiding interest in the progress 


of the Society and matters phytopathological through 


out his life. 


His voluminous correspondence with other phyto 
pathologists of his time, which covered a wide range 
of topics from the general needs of the science to 
specific discussion of one or another plant disease, 
will constitute most useful source material to the 
future historian who would write on phytopathology 


Agricultural 
participant in its 


He helped establish the Journal of 


1913 and was an 


editori 


Research in active 
affairs as a member of the 
1925-1930. 


medium for publication of much of the phytopatholog 


il board during the 


years During this time it was the favorite 


ical research of this country. including a considerable 
amount of his own work such as Shear and Dodge on 
“Life histories and heterothallism of the red bread 
mold fungi of the Monilia sitophila group,” the paper 


that launched this ubiquitous fungus into genetic fame 
The need for a bringing together of pure cultures 
of fungi and other organisms for se in pathological 


research, mycological comparisons, and other obvious 
purposes became evident to him early in his career, 
and he finally had a hand in the setting up of the 


American Type Culture Collection. He served on the 
Board of Directors of this organization for many years 

Shear was an active member of many other scientific 
The Botanical Society of America extended 
him membership soon after he came to Washington 
in a day when membership in the Society was limited 
to the “elect.” Vice-President in 1908. He 


was a charter member of the American Mvycolog 


societies. 


He was its 


i¢ al 


Society and its Secretary-Treasurer until it combined 
with the Botanical Society of America in 1906. In 
later years he was a charter member and second Presi 
dent of the Mycological Society of America. Among 


other affiliations were the Botanical Society of Wash 
ington (President 1914), American Society of Natural 
ists. Historv of Science Society. Sigma Xi (President. 
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Washington Chapter), American Association for the 
Advancement of Science (Fellow). British Mycological 
Washington 
was an official delegate to the second International 
Botanical Vienna, 1905, to the fourth. 
Ithaca, 1926, and to the fifth, Cambridge, 1930. He 
represented the United States at the International 
Phytopathological Congress in Holland 1923, and at 
the Centennial Strassbourg 


Society, and Academy of Sciences. He 


Congress, 


Pasteur Celebration at 
and Paris in the same year. 
Dr. Shear Avis 


Kansas, in 1890, and for nearly 60 years thereafter 


married Sherwood at Osborne, 
she was the perfect helpmate, his constant inspira- 
kind but firm Shearian 
activities. She passed away in 1950. The children, all 


tion, and a codirector of 


of whom survived their parents, are Sherwood W. of 


Berkeley, California; Deming J. of Falls Church, 
Virginia; G. Myron of Blacksburg. Virginia: Cor- 
nelius B. of Gainesville. Florida: Mrs. Beatrice 


Cretney of Monroe, Louisiana; and Mrs. Dorothy 
Miles of Vienna, Virginia. There are 14 grandchildren 
and 3 great-grandchildren. 

Dr. Shear 


and early 


retiring in his boyhood 
related; at all 


His 


scientific 


and 
himself 


was timid 


youth, as he has 


times, he was quiet, modest, and unassuming. 


life 
activities. He 


interests in family and his 
the 


responsibilities 


were his 


preferred scientific activities to 


administrative which came to him 
after he Head in 1923, 


soon developed a technique to avoid such interruptions 


became a_ Division and he 
and related extraneous matters by ignoring them or 
turning them over to a staff member to handle as he 


saw fit. He books. 
papers, culture tubes and other glassware, a micro- 


lived in a world of separates, 
scope, the original hand lens acquired as a small boy, 


all, 


tables, 


and above specimens—specimens everywhere, 


loose on heaped up on chairs, tucked into 
a miscellaneous collection of pasteboard boxes, and 
piled on top of every available piece of furniture to 


the ceiling. All 


attempts to mass of 


distant 
this 
material by others, or even to explore it, were defi- 
but the Doctor himself 
could locate with a long arm any letter, specimen, or 


uttermost reaches of a 


bring order to scientific 


nitely frowned upon, good 
other item needed at a moment’s notice. 

1935. he kept up his 
in plant diseases and the fungi, collecting 
the other 
times studying his material and accumu- 
lated data at his office in Washington, until World 
War 


tions to 


Following retirement in 
interest 
winter months and at 


in Florida during 


writing up 


Il forced the removal of the mycological collec- 
Beltsville. 

Dr. Shear’s publications over a period of nearly 
sixty years, his services to technical societies, and 
his wise counsel to growers, associates, and profes- 
sional colleagues give him an assured place in the 


history of plant pathology and mycology. 
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GRAIN STORAGE STUDIES. XXIV. MOISTURE CONTENT OF WHEAT SEED 
IN RELATION TO INVASION OF THE SEED BY SPECIES OF THE 
ASPERGILLUS GLAUCUS GROUP, AND EFFECT OF INVASION 
UPON GERMINATION OF THE SEED ! 


John F. Tuite? and Clyde M. Christensen * 


SUMMARY 


Seeds of various samples of wheats nearly or en- 
tirely free of fungi were inoculated with 4 species 
of the Aspergillus glaucus group known to be prev- 
alent on commercially stored grain, and stored at 
moisture contents of 12.2-16.0 per cent and 25°C 
for 1-15 months. At a moisture content of 13.0-13.6 
per cent. seeds were invaded gradually by Aspergil- 
lus restrictus and A. amstelodami but slowly by A. 
repens and A. ruber. At moisture contents of 14.3- 
14.6 per cent, 4. repens invaded a larger percentage 
of seeds in 2 months than did the other species, but 
within 4 months all fungi had invaded 100 per cent 
of the seeds. At moisture contents of approximately 


15.5 to 16.0 per cent, 100 per cent of the seeds were 
invaded within 1 month. Germination percentage 
of the seeds inoculated with the various storage 
fungi decreased much more rapidly than did 
germination percentage of the noninoculated con- 
trols. A. restrictus appeared to be especially patho- 
genic, and its invasion was limited almost entirely 
to the germs of the seeds, although the other 3 
species also attacked the germs preferentially. The 
upper limit of moisture content for long time stor- 
age of wheat, at temperatures that permit invasion 
by storage fungi, would appear to be approximately 
13.0 per cent. 





Invasion of stored wheat by species of Aspergillus 
is known to result in decrease in germination percent- 
age and in the development of brown to black germs, 
a condition known in the trade as germ-damaged or 
sick wheat (3, 9). Rather extensive isolations over a 
period of several years from some hundreds of com- 
mercial parcels of stored wheat, in some of which de- 
terioration had occurred, indicated that Aspergillus 
amstelodami (Mang.) Thom & Church, Aspergillus 
repens (Cda.) D By., Aspergillus ruber (Spieck & 
Brem.) Thom & Church, and Aspergillus restrictus 
G. Sm. were among the most prevalent storage fungi 
in such grain. It seemed desirable, therefore, to in- 
vestigate more fully the lower limits of moisture con- 
tent that would permit invasion of wheat seed by these 
fungi and the effect of such invasion on germination 
of the seed. Germination itself is not known to be a 
quality factor in wheat to be used for milling, but it 
appears to be a sensitive indicator of beginning or im- 
pending deterioration (9), and decrease in germination 
percentage always precedes the development of sick 
wheat (3). It is important to know the lower moisture 
content limits that permit invasion of stored seed by 
fungi because, in practice, much wheat is stored at 


1 Accepted for publication January 10, 1957. 

Paper No. 3691, Scientific Journal Series, Minnesota 
Agricultural Experiment Station. 

The work here reported formed a portion of a thesis pre- 
sented by the senior author to the Graduate School, Uni- 
versity of Minnesota, in partial fulfillment of the require- 
ments for a Ph.D. degree. The work was supported in part 
by grants from Cargill, Inc., Minneapolis, Minnesota. The 
writers are indebted to various members of Cargill, Inc. for 
samples of grain and for other aid. 

“Research Assistant, Department of Plant Pathology and 
Botany, University of Minnesota; now Assistant Professor, 
Department of Botany and Plant Pathology, Purdue Uni- 
versity, Lafayette, Indiana. 

3 Professor, Department of Plant Pathology and Botany, 
University of Minnesota. 
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moisture contents that permit invasion and deteriora- 
tion by these fungi. The present federal regulations 
(11) specify an upper moisture content limit of 14.5 
per cent for hard red spring and durum wheats and 
14.0 per cent for all other classes of wheat. There is 
some evidence that these limits are too high for long- 
time storage (2, 7), but more extensive and detailed 
data on this point are needed, 

MATERIALS AND METHODS.—Wheats of different 
classes and from different sources were used. All were 
from lots which preliminary tests had shown to be 
almost free of Aspergillus or other fungi capable of 
growing in seed at moisture contents below 18 per cent, 
In all tests the seeds were shaken for 2 minutes in a 
| per cent solution of sodium hypochlorite. A more 
concentrated solution of sodium hypochlorite, or a 
longer period of treatment, reduced germination per- 
centage of the seed after storage for some months. 
After this treatment, the seeds were rinsed with sterile 
water and dried aseptically. The moisture content of 
each lot was determined after drying, and sterile water 
of the amount needed to increase the moisture content 
to the desired level was added. The seeds then were 
stored in a sterile container in a refrigerator for 5 
days and shaken at intervals to insure even distribution 
of water. From 2 to 6 replicates of approximately 10 g 
each were prepared for each individual storage period 
and treatment. This amount was used because it was 
found difficult to keep larger quantities of seed free 
of storage fungi for as long as several months. 

Fungi used to inoculate the seeds were isolated 
originally from wheat taken from commercial bins. 
Inoculum was prepared by autoclaving wheat at ap- 
proximately 18 per cent moisture and inoculating 
small lots with each individual fungus. Five such 
seeds. with the fungus fruiting abundantly on them, 
were used for each individual inoculation. The inocu- 
lated seeds were stored in cheesecloth bags above 
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TasLe 1.—Percentage of seeds of Mindum wheat invaded 
by 4 species of the Aspergillus glaucus group dur- 
ing storage for 9 months at 71 per cent relative hu. 
midity and 25°¢ 


Percentage of seeds invaded dur. 
ing indicated period of storage 
(months) 


Inoculated with } ) 6 ‘ 9 

Control-no inoculum 0 0 0 0 48 * 

{spe reiulus amste lodami 32 64 YO) 83 97 

{. restrictus 22 72 18 95 48 

{. ruber 50 ) 60 $2 30) 

1. repens 10 15 22 18 5 
Mainly A. restrictus. 


{. restrictus and A. amstelodami. The noninoculated 
controls remained free of fungi for 7 months, but after 
9.5 months approximately 50 per cent of them yielded 
storage fungi, principally A. restrictus. In tests such 
as these, it has proved dificult to maintain control por- 
tions of seed absolutely tree of storage fungi for more 
than a few months if the seeds are stored at moisture 
contents of 13.5-18 per cent and at a temperature 
favorable for growth of these fungi. 


\ similar test was made, with the same wheat and 


the same fungi at a relative humidity of 76 per cent 


(average moisture content, 14.3-14.6 per cent). A. 
repens invaded seed with this moisture content much 
more rapidly than it did seed containing 13.2 per cent 


moisture, and after 2 months it was recovered from 


approximately twice as many seeds as was any of the 
other 3 fungi. The noninoculated controls remained 


free of storage fungi for 2 months, but after 4 months 


100 per cent of them yielded a mixture of A. amstelo- 


dami, A. repens, A. ruber, and A. restrictus (Table 2). 


Four varieties of hard red spring wheat and one of 


durum, all grown at St. Paul. hand harvested, cleaned, 


and immediately dried to a moisture content of 11.0 


per cent and stored dry until used, were inoculated 


with 2 isolates of A. restrictus and stored at a relative 


humidity of 71 per cent. Their moisture contents 


ranged from 13.0 to 13.6 per cent when tested after 
storage for 4 months. A. restrictus sporulated sparsely 
on the germ end of a few seeds in all samples within 5 
months and was recovered from 60—99 per cent of the 


(Table 3) 


seeds stored for 9.5 months 
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TasLe 3.—-Percentage of seeds of 5 varieties of wheat in- 
vaded by Aspergillus restrictus during storage for 
9.5 months at 71 per cent relative humidity and 25°C 


Percentage of seeds invaded 


Moisture during indicated period of 
content storage (months) 
Variety (per cent) 4 5 6 7 95 
Durum 
Mindum 13.2 18 62 80 94 92 
13.2 28 84 80 88 98 
Hard Red “pring 
Unknown 13.0 22 84 94 92 98 
Willett 13.4 10 16 64 76 
Thatcher 13.4 6 34 12 58 60 
Mida 13. discontinued 


iO 
= 


ihese tests provide additional evidence that 4 
restrictus is able to invade wheat seeds rather exten- 
sively at moisture contents as much as | per cent be- 
low those now specified for the regular grades of these 
classes of wheat. This agrees with results obtained 
from studies of samples from commercial bins (2). 

Effect on seed germination of invasion of wheat seeds 
by species of the A. glauc us group. Seeds of a durum 
wheat, variety Mindum, of the same lot as that de- 
scribed above, were stored at a relative humidity of 80 
per cent, The controls were treated with sodium hy po- 
chlorite as specified above and not inoculated; the 
others were inoculated with the 4 species of the A. 
glaucus group. Two isolates of each species were used 
for inoculum. The moisture contents of 2 replicates of 
each treatment were determined after storage for | 
month; they ranged from 15.4 to 16.3 per cent, with 
most falling between 15.6 and 15.9 per cent. Germina- 
tion was tested at intervals of 1 month 

In this test, approximately 100 per cent of the seeds 
inoculated with the various fungi were invaded within 
1 month (Table 4). Within 2-3 months, the fungi were 
fruiting heavily on the germs of all seeds (Fig. 1, A). 
At 4 months, approximately 20 per cent of the controls 
also had been invaded by 1 or more members of the 
1. glaucus group; these were discarded. Germina- 
tion of all lots inoculated with the fungi was very low 
as compared with the noninvaded controls; A. restric- 
tus and A. ruber reduced the germination considerably 


| ABLI } Germination of Vindum wheat, atter storage for 
4 months at 25°C and 80 per cent relative humidi 
when tree of storage tungit and when inoculated 


with storage fungi 


Percentage of seeds that germi 
nated after indicated months 
of storage 


Ineculum ] 2 ) } 
None (control) 89 86 88 82 
{spergi amstelodami 64 > 1S 1] 
{ é 66 14 19 ) 
1. rube 74 60) 19 15 
{. repen 83 74 60 18) 

*Each figure is a mean of 2-6 replicates oi 100 seeds 
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more during storage for 4 months than did A. repens 
or A. amstelodami. A. restrictus was limited almost 
entirely to the germ. Its appearance on these seeds 
after storage for 2 months is shown in Figure 1, B. 
When such seeds were immersed in sodium hypo- 
chlorite for 1 minute, rinsed, and cultured on malt 
agar containing 20 per cent sodium chloride, A. restric- 
tus grew out from the germs almost exclusively (Fig. 
1, C). The other species of storage fungi tested were 
not so strictly limited to the germ but consistently in- 
vaded the germs more heavily and more extensively 
than other portions of the seed. 

It has been suggested that even so light a treatment 
with sodium hypochlorite as was used in these tests 
might so alter the seeds as to make them more sus- 
ceptible to subsequent invasion by storage fungi. To 
test this, seeds of Mindum, with and without immersion 
in sodium hypochlorite and with and without inocula- 
tion with a mixture of the 4 species of the A. glaucus 
group, were stored for 4 months at 80 per cent relative 
humidity and at 25°C. The moisture contents averaged 
16.0 per cent, with a range of plus or minus 0.2 per 
cent. After storage for 1 month, 100 per cent of all 
inoculated seeds, whether or not treated with sodium 
hypochlorite, yielded storage fungi; after 4 months, 
approximately 25 per cent of the treated and non- 
inoculated control yielded storage fungi. The data on 
germination are given in Table 5. Both the inoculated 
and noninoculated seeds that were not treated with 
sodium hypochlorite yielded approximately the same 
numbers of isolates of the 4 species of the A. glaucus 
group as did those treated and inoculated with the 
mixture. There was no evidence that treatment with 
sodium hypochlorite increased susceptibility of the 
seeds to invasion by these fungi. 

Discussion.—The 4 species of the A. glaucus group 
used in these tests rapidly invaded the germs of wheat 
stored at moisture contents of 15-16 per cent at a 


Paste 5.—Germination percentages of Mindum wheat 
treated with 1 per cent sodium hypochlorite for 1 
minute and those of wheat not so treated, each 
either not inoculated or inoculated with a mixture 
of 4 species of the {spergillus glaucus group and 
stored for 1-4 months at 25°C and 80 per cent rela- 
tive humidity 


Percentage of seeds that germi- 
nated after indicated months of 


storage * 


lreatment l 2 3 4 
| Per cent sodium hypo- 
chlorite, 1 minute 
Not noc ulated’ RY 86 88 82 
Inoculated 53 52 38 30 
No sodium hypochlorite 
Not inoculated TF) Ww 5] 30 
Inoculated 18 12 5] 22 
*Each figure represents the mean of 2-7 replicates of 


100 seeds each. 
Same samples as served for controls listed in Table 4. 
All seeds in this group were invaded by species of A. 


glaucus, apparently from inoculum naturally present. 


™ 


rer 
Pl 


— 


PHYTOPATHOLOGCY 


Fic l. Members ot the s L ! pi til the I wheat seeds stered Pn 1 at a relative 


humidity of 80 per cer : fruit externally « . m end of the see restrictus fruit 
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temperature of 25°C. This invasion was accompanied 
by a moderate to drastic reduction in germination per- 
centage of the seed, as compared with the noninocu- 
lated controls. The germs were invaded more quickly 
and usually more heavily than other portions of the 
seeds, and invasion by A. restrictus was limited almost 
entirely to the germs. A. restrictus was found to be 
the predominant storage fungus in most of 27 samples 
of wheat. containing various amounts of sick seeds, 
from commercial bins (3), and it since has been 
found to be prevalent in additional samples of sick 
wheat from commercial bins. This, plus the evidence 
here presented, would seem sufficient to incriminate 
this fungus as a common cause of germ-damaged or 
sick wheat 

{t moisture contents below 14 per cent, invasion of 
the seed by A. restrictus and A. amstelodami was more 
rapid than by 4. repens and A. ruber. No evidence was 
obtained in the present tests of an effect of such in- 
vasion On germination and on development of dis- 
colored germs at these lower moisture contents, but it 
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seems a fair presumption that extensive invasion of 
germs of wheat seed at a moisture content of 13.5-14.0 
per cent eventually would result in the same sort of 
damage as in wheat at a moisture content of 14.5—-15.0 
per cent, even though a longer time might be required 
for such damage to appear. Wheat often is stored for 
2-3 years. For such long storage periods, the safe 
moisture content limit would appear to be near 13.0 
per cent, rather than at 14.0-14.5 per cent, as specified 
at present. In large bulks of stored grains, the mois- 
ture content often varies considerably from place to 
place in a given bin (4). For safe storage it is not 
sufficient that the average moisture content be 13.0 per 
cent; rather, none of the grain should have a moisture 
content in excess of 13 per cent for a long enough 
time to permit extensive development of those species 
of fungi now proved to invade and kill the germs. 
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FLSARILUM RESISTANCE IN TOMATO BY 


GRAFTING EXPERIMENTS! 


R. P. 


Scheffer 


SUMMARY 


Tomato plants were approach grafted in pairs, 
and tops were inoculated through scion spurs with 
bud-cell Fusarium 
lycopersici. All stock-scion 
sistant and susceptible plants were 


suspensions of 


oxysporum 1 
combinations of re- 
Resist- 


{Ss ions } 


used. 
ance or susceptibility of plant tops was 
not changed by the resistance or susceptibility level 
(stocks) 


of roots (Comparison otf several types ot 


top inoculations indicated that such methods usu- 
ally fail resistance is a characteristic of 
parenchyma of susceptible as well as of that of 
Conclusions were that 1) neither 
depend on root-pro- 


because 


resistant plants. 
resistance nor susceptibility 
duced factors that govern top reactions and that 2) 
resistance is a feature of the whole stem as well as 
of the roots. 





Scheffer and 


Snyder et al (5) led 


The tomato inoculation 


Walker (4) 


f Xpre riments of 


and the evidence of 


to the conclusion that resistance to Fusarium wilt is 
found throughout stems of resistant plants. Scheffer 


and Walker inoculated tomato cuttings by allowing 
them to take in bud-cell suspensions by transpirational 
pull. When rooted, such cuttings from susceptible 
plants developed typical symptoms in due time, even 


though roots were not invaded by the pathogen. Cut 
likewise did not 


develop disease, showing that resistance is not local 


tings from resistant plants treated 
ized in roots as other evidence would indicate (1). 
Susceptibility rather than resistance may depend on 
a factor, or factors, produced in roots and transported 
to tops. In such case, resistant plants would be those 
that lacked the 
fungus unable to develop or making the host insensi 
The data of Waggoner and 
irradiation could be 


inoculation ex 


factor for susceptibility, making the 
tive to fungus products 


Dimond (6) trom experiments 
interpreted in this way Phe 


periments of Scheffer and Walker (4) do not 


cutting 
elimi 
nate this possibility, because roots were formed on 
cuttings before symptoms developed. If this theory is 


true, the experimental approach to a study of re 
sistance and susceptibility is simplified, because thes« 


characters can be associated with definite factors 


Keyworth 
resistance and considered all above 


resistant (2, 3). In susceptible 


modified earlier views of localization of 


ground stems to be 
plants the pathoge n 


was said to increase in roots enough to overcome the 


inherent resistance of stems. The view is supported by 
the often-observed difficulty of inoculating plant tops 
with vascular Fusaria 

The experiments described here were designed to 
determine whether or not resistance depends on lack 
of root-produced factors. Results also further clarify 


the question of location of resistance and possibly ex 


plain the difficulty of top inoculations 


MATERIALS AND METHODS The tomato (Lycopersi 
con esculentum Mill.) varieties Bonny Best and Jeffer 
son were used as the susceptible and highly resistant 
hosts. respectively Plants 4 or 5 in. high were ap 

1 Accepted for publication Jar rv 4 9) 
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1994 


proach grafted (Fig. 1), with Sealtex rubber bandage 


used to bind the grafts. Six to 10 days later, after 
graft unions were firm, plants were trimmed to give 
scion and stock combinations as follows: 1) suscepti- 
ble scion on resistant stock, 2) susceptible scion on 
susceptible stock, 3) resistant scion on susceptible 


stock, The 


combination plants were then inoculated by placing 


and 4) resistant scion on resistant stock. 
the cut spur of the scion in a bud-cell suspension, 
thereby allowing transpirational pull to take 
cells. The 


essentially the same as that used in earlier work (4). 


(Fig. 2), 
in Fusarium inoculation procedure was 
except that inoculum was introduced through spurs of 
grafted plants rather than through bases of cuttings. 
Inoculum was prepared from shake cultures of Fu- 
sarium Snyd. & 
Hans., strain R5-6, by filtering and washing by centrif- 
Following inoculation, plants were kept. in 


oxysporum f. lycopersici (Sacc.) 


ugation. 
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Fic. 1. Method of grafting tomato plants, After union 


was firm, cuts were made at points | and 2, and inoculum 
was introduced through stub A 


after inoculation. 


In some cases, cul » was 


t 
f 





June, 1957 SCHEFFER: FUSARIUM 


the greenhouse under conditions favoring disease. 
Plants were observed closely for symptoms, and final 
data (vascular discoloration and wilt) were taken 
28-35 days after inoculation. Results were expressed 
as the degree of vascular discoloration rather than as 
wilt, because transpirational conditions at the moment 
when readings are taken affect wilt but not discolora- 
tion. 

Resutts.—In 3 separate grafting experiments (Ta- 
ble 1). 49 of 69 (or 71 per cent) plants with suscepti- 
ble scions and resistant stocks developed typical symp- 
toms. This does not differ materially from the 35 of 
53 (or 66 per cent) of the susceptible scions on sus- 
ceptible stocks that became diseased. Resistant scions 
did not show typical symptoms, regardless of the stock 
type: however, 13 plants with resistant scions on sus- 
ceptible stocks and 1 plant with a resistant scion on a 
resistant stock had a trace of vascular discoloration. 
Some of these plants occasionally had flaccidity of top 
leaves under conditions favoring high transpiration 
but leaf yellowing, epinasty. and other symptoms were 
absent. In every case where a plant with resistant 
scion and susceptible stock behaved in this way. Fu- 
sarium was shown by isolations to have invaded the 
susceptible stock and was present in the hypocotyl. 
Vascular dysfunction in every case apparently was at 
the graft union or below, since scions promptly re- 
covered when they were removed from the plant and 
placed in water. 

The plants in experiment 2 (Table 1) were older 
and harder than usual when inoculated, which may ac- 
count for their low disease incidence Their nutri- 
tional condition probably was such that severe disease 
should not be expected. 

Disease developed more slowly in grafted plants 
than might be expected in plants inoculated by roots 
or by cuttings. A possible explanation is that only 
half the bundles in each stem took up inoculum, be- 


TABLI | Relative vascular browning (VB) in grafted 
scions of 4 scion-stock combinations. with Bonny 
Best as the susceptible variety and Jefferson as the 
resistant vartwety 
Total No. \verage 
Expt no, of with \B 
No Scion-scock plants \B rating 
Susceptible-resistant 17 16 
Re sistant-susceptible 14 0 
Susceptible-resistant 27 ) 3] 
Susceptible susceptible 27 9 1 
Resistant-susceptible 32 2 trace 
Resistant-resistant 32 0) 0 
Susceptible-resistant 25 24 2.9 
Susceptible-susceptible 26 26 1.7 
Resistant-susceptibl 28 1] trace 
Resistant-resistant 26 l trace 
\B rating No, of major bundles in stem with brown 
ing times relative length of browning on a scale of 0 to 4. 


Plants without VB are not included in the average. 
Fusarium had invaded the stock and was present in the 


} pocoty in every case 
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Fic. 2. Method of inoculation with bud-cell suspension. 


cause the other half was the “tongue” of the graft, 
which connected with the noninoculated stock (Fig. 
1). “Half plant” inoculation was studied further by 
comparing disease development in notched and un- 
notched Bonny Best cuttings, with inoculum intro- 
duced through the basal end. In notched cuttings, a 
wedge of stem was removed half way through the stem 
above the level of inoculum. The cuttings were rooted 
and in due time examined for disease development. 
Bundles immediately above the notches were not dis- 
colored and remained free of Fusarium as determined 
by isolations. Furthermore, disease developed some- 
what more slowly in notched plants than in unnotched 
ones Apparently the fungus did not pass readily 
from trace to trace in the tops of the plants. 
Previous experience indicated that little or no dis- 
ease will develop from certain types of local top in- 
oculations of intact plants. To obtain exact data, 4 
groups of 15 plants each were inoculated by different 
methods and disease development compared, The first 
group was inoculated by dipping a small piece of cot- 
ton on a needle in a heavy spore suspension and forc- 
ing it into the stem; the cotton was left in the wound. 
Two of these plants developed a little vascular brown- 
ing in 1 trace each. A second group was inoculated 
by placing a drop of spore suspension in a leaf axil 
and wounding the stem below the drop by means of 
a needle. No plants in this group developed symp- 
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toms. A third group was inoculated by cutting off a 
petiole from each plant about 3 in. from the stem and 
placing the attached stub in a dilute spore suspen- 
sion. These plants all remained healthy. A fourth 


group was inoculated by the standard root-dip meth- 
od; all succumbed with typical Fusarium wilt. In a 
similar experiment, 15 plants were top inoculated with 
cotton on a needle, 15 were root dipped, and 15 were 
bud cells No top-inocu- 


lated plants became diseased, whereas the root- and 


inoculated as cuttings with 


cutting-inoculated plants all developed symptoms 


Success of top inoculation of intact plants certainly 
will vary greatly, depending in part on the age and 
condition of plants, but obviously it was more difficult 
methods than by root in- 


to obtain disease by such 


oculation. 


Low inoculum levels might account for the low dis- 
ease incidence resulting from top inoculations; there- 
fore, spore suspensions of known concentrations were 
prepared by use of a hemacytometer, and cuttings 


allowed to take up measured volumes of the 


The number of Fusarium cells taken in 


were 
suspensions. 


was conservatively assumed to be in proportion to the 


volume of fluid uptake. Four levels of inoculum were 
compared, with 15 cuttings used at each level. The 
average inoculum for the 4 levels was 1520, 12.954, 


130.050, and 1.203.600 spores per cutting. Following 
inoculation, cuttings were rooted and kept under con- 
All plants in the experiment 
that 


inoculum 


ditions favoring disease. 


soon showed severe symptoms, indicating Fusa- 


rium wilt will develop from a very low 
potential provided a high proportion of the vessels in 
all bundles is invaded. 


Discussion.—Natura! resistance of cortex and other 
parenchyma tissue in all varieties may account for the 
difficulty of top Fusaria 


Such resistance is expected becaus 


inoculation with vascular 


these fungi are 


confined to vessels until late stages of disease; if par- 


enchyma resistance were not present, a general stem 


rot would be expected. Few vessels probably received 


inoculum when stems were inoculated locally. since 


the vessels occupy a very small proportion of stem 
At best, a few 
inoculum left in 


tissue in young plants. vessels in 1 or 


2 traces may be affected, with most 
parenchyma. The same or similar resistance may be 


present in root parenchyma as well. According to the 


best available evidence, vascular Fusaria enter roots 


mainly through root tips, possibly through wounds, 


and do not cause general rot until late stages of in 


fection. Even root hair entrance is questionable. 


resistance may be a property of all to- 


it probably is distinct from true dis- 


Parencbyma 
mato varieties: 
ease resistance associated with certain varieties. 


The above reasoning does not agree entirely with 


Keyworth’s conclusion that resistance is a property 


of all stems (3). In experiments with Verticillium 
wilt of hop, tops inoculated with small doses of spores 


did not become diseased. whereas both resistant and 


susceptible plants were affected equally when massive 


doses were used (2). In contrast, in our experiments 


with Fusarium wilt of tomato, inoculation with very 
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small doses of spores resulted in typical disease when 
inoculum was taken in through the majority of bun- 
dles, as was the case when cuttings were inoculated. 
\ more massive dose applied locally, which would 
reach only a few vessels, gave little or no disease. 
\gain, this suggests resistance in cortex or other par- 
enchyma tissue, although Fusarium wilt of tomato and 
Verticillium wilt of hop certainly may differ in this 
respect. 

The idea of a root-produced factor responsible for 
susceptibility may be supported by results of irradia- 
tion with X rays. Root irradiation before inoculation 
irradiation de- 
creased or did not change resistance (6). An inter- 
pretation of this might be that irradiation de- 
stroyed the ability of roots to produce the suscepti- 
bility factor, thus plants were resistant; however, ir- 


increased resistance, whereas shoot 


root 


radiation experiments were concerned with relative re- 
sistance of inherently susceptible plants, whereas the 
present experiments were concerned with the differ- 
ence between susceptible plants and plants with in- 
herent resistance of a very high order. We cannot 
assume that the manipulatable resistance of inherently 
susceptible plants is similar to so-called true resist- 


ance, 
Grafting experiments described here differ from 
earlier ones chiefly in the point of inoculation. Pre- 


viously, all plants in grafting experiments were root 
If roots were susceptible. plants be- 
came level of scion re- 
sistance, since roots obviously must support tops. The 
difficulty of direct stem inoculation was overcome here 
by allowing spurs of the scions to take in bud cells by 


inoculated (1). 


diseased regardless of the 


transpirational pull. Scion inoculation by-passed the 


root system, apparently because Fusarium did not 


grow readily through parenchyma of either resistant 
or susceptible plants. Inoculated stem traces were 
n effect isolated from the fungus-free traces that led 
to the stock. Results of inoculation did not 
agree with results of other experiments where roots 


different 


scion 


were inoculated (1), and conclusions were 
drawn accordingly. 

Resistance or susceptibility of the scion, which is 
stem tissue, was not altered by the character of the 


stock. 


plants, whether the root (stock) was resistant or sus- 


Resistant tops (scions) behaved like resistant 


ceptible, and susceptible tops were susceptible re- 
gardless of the root type. There was no evidence of a 
root-produced factor responsible for susceptibility or 
resistance. On the positive side, observations confirm 
earlier conclusions based on cutting inoculation ex- 
periments (4), that true resistance to Fusarium wilt is 
not localized in the root system but is a characteristic 
of the stem as well. It is not clear whether or not 
factors produced throughout the plant are responsible 


for susceptibility or resistance. 
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THE EFFECTS OF SOME LEAF BLIGHTS OF CORN ON GRAIN YIELD! 
Arnold J. Ullstrup and S. R. Miles * 


SUMMARY 


The effects on grain yield of artificially induced 
epiphytotics of northern corn leaf blight, of 
southern corn leaf blight, and of Helminthosporium 
leaf spot in the field were determined. 

The severity of the 3 diseases appeared to be 
determined not by the primary infection induced 
by artificial inoculation but rather by the develop- 
ment of secondary infection, which was influenced 
by weather conditions. 

In an experiment where a severe epiphytotic of 
northern corn leaf blight became established, the 
most resistant hybrid yielded over 70 bushels/acre 
in excess of that of the most susceptible hybrid. 
Where double-cross hybrids with different numbers 
of resistant inbred lines in their pedigrees were 
grown in the presence of a severe epiphytotic, each 
resistant inbred line substituted into the double- 
cross hybrids resulted in an average yield increase 
of about 15 bushels/acre. In experiments con- 
ducted during the hot, dry growing season of 1952. 
when secondary infection failed to develop until 
corn was approaching maturity, the increase in 
yield following the substitution of resistant inbred 
lines into double-cross pedigrees was not significant 


statistically. From these experiments, a basis may 
be established for making reasonably accurate 
estimates of yield losses due to northern corn leaf 
blight. Early onset of the disease, 2-3 weeks after 
silking, may be expected to cause severe losses 
in grain yield. If the disease does not become con- 
spicuous until mid-September or 6—8 weeks after 
silking, no appreciable reduction in yield is apt 
to occur. 

In a limited number of experiments with southern 
corn leaf blight. the same general trends were 
observed. An average yield increase of about 5.4 
bushels/acre was realized for each increment of 
resistance introduced into the pedigrees of suscep- 
tible double crosses. 

In 1 experiment with Helminthosporium leaf 
spot, the completely resistant hybrid K6l & Prl 
produced about 94 bushels/acre in the presence of 
a severe epiphytotic of the disease, whereas the 
fully susceptible single cross K61 Pr yielded only 
about 19 bushels/acre. In the absence of the 
disease, the performances of the 2 hybrids were 
about equal. 





Comparatively little is known about the effect of 
most corn (Zea mays L.) diseases on grain yield. 
This is especially true of certain leaf blights that 
do not attack ears but may have an indirect influence 
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on the amount of dry matter stored in the grain. 
Estimates are available on the losses attributable to 
leaf diseases of corn, but at best these are rough 
guesses not based on experimental data. Quantitative 
data would be of value in determining the real 
economic importance of a disease and might also be 
useful in predicting yields in years when epiphytotics 
appeared. 

This paper reports results of a study to determine, 
under artificially induced epiphytotics, the effects on 
grain yield of northern corn leaf blight, of southern 
corn leaf blight, and of Helminthosporium leaf spot. 

Northern corn leaf blight, incited by Helmintho- 
sporium turcicum Pass., is the most important of the 
3 diseases. It is sporadic in occurrence; in the United 















States it is confined usually to the eastern half of 


the country. Occasionally, the disease may become 


very severe in localized areas. Moderate temperatures 
and frequent and heavy dews favor spread of the 
disease. The inheritance of resistance to this disease 
is determined by several genes 

Southern corn leaf blight, incited by Helmintho- 
sporium maydis Nisikado & Miyake, is found generally 
south of the Ohio River Valley and eastward to the 
Atlantic coast. The disease appears to thrive at some 
what higher temperatures than does northern corn leaf 
blight. The importance of the disease is not fully 
known, but in some years it is responsible for con- 
siderable leaf killing. Resistance to this disease, like 
that to northern corn leaf blight, is conditioned by 
multiple factors*. 

Helminthosporium leaf spot, incited by Race I of 
Helminthosporium carbonum  Ullstrup, is found 
throughout the eastern half of the United States; its 
development and spread are favored by moderate 
temperatures and high humidity. This pathogen is the 
most virulent of the 3 considered here, but the disease 
is of negligible importance because few inbred lines 
are susceptible and because resistance is determined 
by a single dominant gene [his disease was used in 
these studies only as a tool to determine the effect 
of a leaf-infecting fungus pathogen on grain yield 

MATERIALS AND METHODS.—AII experiments were 
conducted under field conditions. Plots were 1 & 10 
or 2 X 5 hills in size and were randomized in 4-8 
replications. Hills were spaced 40 * 40 in. and 


thinned to a maximum of 3 plants. In all experiments, 


2 complete blocks were planted, one of which was 
artificially inoculated; the other was left noninocu 
lated. Both were planted on soil of about the same 
type and fertility level as far as could be ascertained 
by appearance, but they were separated by at least 
14 mile to avoid spread of disease from the inoculated 
to the noninoculated block. Plantings in both blocks 
were made on approximately the same date, as were 
the harvests in each. Yields were calculated in the 
usual manner on the basis of bushels per acre of 
shelled corn at 15.5 per cent moisture 

In experiments of the type reported here, where the 
differential effects of a disease on resistant and sus 
ceptible hybrids are to be ascertained, it is necessary to 
plant 2 blocks of the same materials in order to avoid 
confounding the determination of disease effects with 
heritable differences in yield potential between the 
hybrids compared. For example, the variance in yield 
between a resistant and a susceptible hybrid when 


3 Jenkins, M. T., and Alice L. Robert. 1952. Inheritance: 
of resistance to the leaf blight of corn caused by Helmin 
thosporium turcicum. Agron. J. 44: 136-140 

Pate. J. B.. and P. H. Harvey. 1954. Studies on the 
inheritance of resistance in corn to Helminthosporium 
maydis leaf spot. Agron. J. 46: 442-445. 

5 Ullstrup, A. J., and A. M. Brunson. 1947. Linkag« 
relationships of a gene in corn determining susceptibility 
to a Helminthosporium leaf spot. J. Am. Soc. Agron, 39 
606-609. 
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grown only in an inoculated block would be com- 
posed of the differential effects of disease and also of 
the differential effects of inherent yield potential. 
These 2 components could not be separated under 
such circumstances. It should be pointed out, how- 
ever, that if the hybrids to be compared were nearly 
isogenic and if resistance were determined by a single 
gene, as in the case of Helminthosporium leaf spot, 
then direct comparison between hybrids in only an 
inoculated block would be permissible. In experiments 
on northern corn leaf blight and on southern corn 
leaf blight, where in each case resistance is known to 
be determined by many genes, the hybrids did not 
approach being isogenic and differed widely in yield 
potential as well as in resistance. A noninoculated 
block allows for the evaluation of differences in 
heritable yield potential between any 2 hybrids com- 
pared. When 2 blocks are planted, the confounding 
factor of differences in soil fertility is introduced. 
This effect of soil fertility is separated from disease 
effects by the presence of resistant hybrids in both 
blocks to serve as controls. Implicit in the choice of 
the experimental design and calculation, is the 
assumption, based on preliminary observations, that 
resistant hybrids are less affected by disease than are 
susceptible hybrids, and that differences in soil 
fertility between the inoculated and noninoculated 
blocks affect resistant and susceptible hybrids alike. 

To obviate the confounding factors and to determine 
only the effect of a disease on grain production, the 
vields of a resistant hybrid when inoculated and when 
noninoculated were compared with the yields of a 
less resistant hybrid under the same treatments. This 
was calculated as follows: (Yield of noninoculated 
resistant hybrid minus yield of inoculated resistant 
hybrid) minus (Yield of noninoculated susceptible 
hybrid minus yield of inoculated susceptible hybrid). 
\s an example, the data in Table 1 for A * Tr and 
Mo2la * Kyl14 would be used in the calculation as 
follows: (113.3 111.2) — (110.4 — 34.8) 73.5. 


This value, 73.5 bushels/acre, is a measure of how 
much more the yield of the susceptible hybrid was 


affected by the disease than was the yield of. the 


Taste 1.—Mean yields* in bushels per acre of resistant and 
susceptible single-cross hybrids when inoculated with 
Helminthosporium turcicum and when not so inoc 


ulated 
Hybrid Noninoculated Inoculated 
Susceptible hybrids 
A 3 110.4 4.8 
187-2 « 540 121.1 16.4 
K64 « T14 122.5 64.8 
38-11 & Mo940 150.6 89.0 
Resistant hybrids 
CI.14 & A7]I1 101.2 82.7 
Ky36-11 * L317 114.5 100.8 
K230 « T528 98.2 94.8 
‘LSD 11.2 bushels per acre at the 5 per cent level; 


14.8 bushels per acre at the 1 per cent level. 
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resistant hybrid. Conversely, -+ 73.5 bushels/acre, 
would represent much the yield of the 
resistant hybrid was affected by the disease than was 
the yield of the susceptible hybrid. The calculation 
takes into consideration and corrects for any differ- 
ences, such as soil fertility, between the inoculated 
and noninoculated blocks that would influence yield, 
as well as for differences in genetically determined 


how less 


yielding ability of the 2 hybrids being compared. It 
does not take into account possible interaction between 
hybrids and soil fertility levels. This, if present, was 
considered to be of a magnitude insufficient to vitiate 
the measure of disease effects. 

Resistant and susceptible single- and double-cross 
hybrids were used in the experiments with northern 
corn leaf blight and in those with southern corn leaf 
blight. In the experiment with Helminthosporium leaf 
spot, only 1 resistant and 1 susceptible single cross 
were used. The effects of different levels of resistance 
on disease severity and grain yield were determined 
by using double crosses that had 0, 1, 2, 3, or 4 
resistant inbred lines in their pedigrees. 


Inocula were prepared by growing the respective 


fungi on potato-dextrose agar in petri dishes for 
about 3 weeks at 22°-25°C. Each culture (and its 


agar substrate) was ground in water in a Waring 
Blendor and the suspension of spores and hyphal 
fragments filtered through a single layer of cheese- 
cloth. The suspensions were taken to the field and 
further diluted with water before application. 

The 
pathogens was essentially similar to that originally 
described by Elliott and Jenkins®; the suspension of 
spores and hyphal fragments was introduced into the 
whorls of the plants by means of a compressed-air 
sprayer. The number of inoculations varied from 2 to 


method of inoculation with each of the 3 


6 in different years and in different experiments. The 
first was applied when plants were 18-24 in. in height, 
or about the third or fourth week of June, and inoc- 
ulations The 
concentration of inoculum was not constant for every 
when 


were continued at 5-7-day intervals. 


inoculum was used 
the number of inoculations were few and dilute 
6 inoculations The 
was to establish primary infection uniformly over the 


entire block. 


experiment. Concentrated 
when 
essential objective 


were made. 


leaf blight.—In 
1948, resistant and susceptible 
Weather 


conditions were extremely favorable so that by the 


ResuLts.— Northern corn ex peri- 
ments performed in 


single crosses were inoculated as described. 


latter half of August susceptible hybrids were severely 
affected; they were rated 44.5 on a scale of 1 to 5 
higher ratings 


In the disease-free plots, 


in which progressively represented 
increasing disease severity. 
the susceptible hybrids in general yielded more than 
did the hybrids (Table 1). In 


yields in the presence of the disease were much higher 
in the resistant than in the susceptible hybrids. That 


resistant contrast, 


Helmin 
660-6606. 


® Elliott, Charlotte, and M. T. Jenkins. 1946. 
thosporium leaf blight of corn. Phytopathology 36: 


LEAF BLIGHTS OF CORN 333 


Taste 2,.—Calculated data, in bushels per acre, represent- 
ing the superiority of yields of resistant hybrids 
over those of susceptible hybrids when subjected to 
a severe epiphytotic of northern corn leaf blight" 


Data obtained when yield of indicated 
resistant hybrid was compared with 
yields of different susceptible hybrids' 


Susceptible CL.14 Ky36-11 K230 Mo2la 
hybrid Xx AZ] < L317 < T528  Kyll4 

A xX Or + 57.1 + 61.9 + 72.2 +- 73.5 
187-2 « 540 + 56.2 + 61.0 + 71.3 + 72.6 
K64 « T14 + 39,2 + 44.0 + 54.3 + 55.6 
38-11 M0940 + 43.1 + 47.9 + 58.2 +- 59.5 
Mean + 48.9 + 53.7 + 64.0 65.3 


a 


All values are statistically significant at the 1 per cent 
level. 

® Data in Table 1 was used to make these calculations as 
follows: (Yield of noninoculated resistant hybrid minus 
yield of inoculated resistant hybrid) minus (Yield of 
noninoculated susceptible hybrid minus yield of inoculated 
susceptible hybrid). 


this resulted from a greater effect of the disease on the 
susceptible than on the resistant hybrids is shown by 
the data in Table 2. 

It should be pointed out that the 2 single crosses 
CI.14 A71 and Ky 36-11 


resistant. The inbred line 


L317 are only partially 
A71, although one of the 


most resistant in its maturity class, does not 


possess 


the high resistance of certain other inbred lines. 
1.317 is susceptible and would tend to lower resistance 
of the single cross when combined with Ky36-11. 

In 1950, a similar experiment was performed with a 
different 


crosses, 


group of resistant and susceptible single 
Plantings in the experiment were arranged 
so that each test plot was adjacent to a row of the 
very susceptible hybrid A * Tr. Inoculum was applied 
only to these “spreader rows” and not to the test 


plots. Infection of the latter originated from secondary 


. 


inoculum developed naturally in the primary lesions 
produced on the By this method, 
inoculation of plants in the test plots more closely 
simulated that occurring in a natural epiphytotic than 


“spreader rows.” 


did that in the previous experiment. By late August, 
hybrids in the test plots 
moderate to Again, the yields of 
resistant hybrids affected by the 
disease than were those of susceptible hybrids (Table 


the susceptible showed 


severe infection. 


were much _ less 
Die 


If double-cross hybrids are used, it is possible to 
have 5 levels of resistance by varying, from 0 to 4, 


the number of resistant inbred lines in a_ given 
pedigree. To determine the effect of different levels 
of resistance on the severity of northern corn leaf 


blight and on grain yield, 15 double-cross hybrids 
made up such that there 3 hybrids of 
different pedigrees at each of the 5 levels of resistance. 


were were 


The pedigrees of these hybrids are as follows (resist- 


ant inbred lines are indicated in italics): 1] (K175 
Ky36-11) (R39 C115); 2 (Wf9 R39) 
(K175 X K148); 3 (Wf9 « W22) (K175 
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Taste 3.—Calculated data, in busl per acre, showing 

the superiority in yie i re nt hybrids over the 

yields of suscel tible Avor ; fhe presence of a 

moderately severe e} hytot f northerr orn leat 
blight" 

Data Line i ot ed 

resistal i ompared ti 

yields of isceptible hybrids 

Susceptible CI] K14 CI.23 P105B 

hybrid < R39 K NC34 NC34 
P8 x CI.7 + 2].] 1.0 33.9 
P8 « Mo940 + 35.2 5.1 18.0 
R30 x H21 + ZY L 3900) L 41.9 
Tl4 & K64 + 25 5.6 
Mean + 27.8 + 29.9 5.7 10.6 

"All values are statistically ¢ nt at the 1 per cent 
level. 

» Calculated as indicated in 1 
Ky36-11): 4 (Wf9 W22 8 R39): 5 
(P8 x W22) X (38-11 187-2); 6 (R39 C115 

(K148 « Kyvy36-11):7 (W222 Ky36-11) (K175 

R39): 8 (Wf9 P8 R39 C115): 9 
(Wf9 « P8) (W22 x Ky36-] 10 (Wf9 8 

(W22 187-2): 1] (R39 C115 (K148 
K175): 12 (P8 R39 (A175 Ky36-11 
13 (P8 x W22) K14 Ky36-11); 14 (P8 

W22) (Wf9 « K14 15 (P8 «x Wf9 
(K159 M0940 ) 

Following inoculation. the dderate temperatures 
and heavy dews pre vailing aguring the growing season 
of 1951 favored secondary spread of the disease so 
that by August 20 a severe phytotic was estab 
lished. There was some disease in the noninoculated 
block; on September 18, the most susee ptible hybrids 
had a rating of 2 on the scale of l to 5 referred to 


above. The results of this experiment are summarized 
in Table 4. The effect on yield of 


addition of resistance in the p. 


each stepw ise 


ligrees was determined 


by calculating the “difference between differences” 


as illustrated above. As an example. 9 comparisons 


could be made between the most resistant hybrids 


(hybrids 1, 6, and 11) and the 
hybrids (hybrids 5, 10. 


most susceptible 
and 15 The mean increase 


in yield of the fully vbrids over the 


resistant |! com- 

pletely susceptible hybrids as determined by the 

9 comparisons was 61.3 bushels per acre. The mean 

effect on yield of each successive increment of resist 

ance was remarkably uniform and averaged 15.3 
bushels per acre. 

Further experiments were continued in subseq lent 


years on the effect ot diffe rent leve Is of resistance to 


northern corn leaf blight on yield. Essentially the 
same procedures as described above were used. In 
these studies, the susceptible double-cross hybrids 
U. S. 13, which is (Wf9 38-11) (Hy L317), 
and Indiana 844, which is (Wf9 38-11) & (Hy 


Tr). were used. The inbred lines used to substitute into 
these pedigrees were resistant derivatives of the respet 

tive standard inbred lines and had been “recovered” in 
the course of a corn-disease-resistance breeding project 
These “re inbred lines 


yered 


at Purdue University 
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Paste 4.—Summary of 1951 data for the eflect of northern 


corn leat blight on grain vields 


Differences in no. of re- 


sistant inbred lines in 
double-cross hybrids ] 2 ) } 
No. of comparisons made 
(specific comparisons in- 
dicated in brackets)" 6 27 18 9 
Ovs 1] Ovs 2] [9uvs3] lO vs 4] 
Phe bp Ss} Liles 4] 
}2us3] L2vs 4] 
[3vs4 
Increases in yield attribu- 
table to added resistance 
(bushels/acre)' 15.6 30.6 15.8 61.3 
Yield increments for each 
additional increment of 
resistance (bushels 
acre} 15.6 15.0 15.2 15.5 


Specific comparisons designated by number of resistant 
inbred lines in the double-cross hybrids; thus, 0 vs 4 indi- 
cates that hybrids in which there were no resistant inbred 
lines were compared with hybrids in which all 4 of the com- 


ponent inbred lines were resistant. 
Method of calculating yield increases due to resistance 


is given in Table 2 


were appreciably higher in resistance than were the 


respective inbred lines (recurrent parents) from 


which they originated. The prehx “R” was used to 


designate the respective “recovered inbred lines. 


Twelve different variations in the pedigree of Indiana 


813 were made up thus: (Wf9 & 38-11) & Hy 

L317): (RWf9 38-11) & (Hy L317); (Wf9 

R38-11) & (Hy L317); (Wf9 X 38-11) (RHy 
317); (Wf9 & 38-11) & (Hy & RL317): (RWE9 


(RHy 
RL317): 
(RW9 


38-11) 
(RHy 
RL317):; 


(Hy X L317); (W£9 
(RWf9 * 38-11) 
R38-11) (RHy 
R38-11) (RHy L317): (RW£9 & R38-11) 
(Hy * RL317): and (RWf9 & R38-11) (RHy 
RL317). The same scheme was followed in making 


up 12 variations in the pedigree of Indiana 844. In 


“~~ we 
~ 
eo 


l experiment in 1954, the resistant inbred lines used 
as replacements for the standard susceptible inbred 


Indiana 844 were 


components in the pedigree of 
Ky36-11, CL15. R39, and K148. 

{ summary of results of these experiments is shown 
The hot, dry weather during most of the 
spread 


in Table 5. 
1952 growing 


of the pathogen until mid-September so that the epi- 


season delayed the secondary 
phytotic was unusually mild. This low level of disease 
development is reflected in the negligible difference in 
vield between the resistant and susceptible hybrids 
and in the nonsignificant regression coefficients in that 
year. The epiphytotics established in 1954 and in 1955 
were of moderate severity. and this is shown in the 
relative magnitude of increases in grain yield result- 
ing when resistant inbred lines were substituted in the 
pedigrees of the double crosses. 
Southern blight. 
effect of southern corn leaf blight were conducted in 
described for northern 


corn leaf Experiments on the 


the same manner as those 


—— + epEEnnee oe 





ant 
idi- 
red 
»m- 


n 
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TABLE 5. Summary of results of experiments to determine 
double-cross hybrids to northern corn leaf blight an 


Total yield increases, in 


bushels per acre, 
from substituting 


number of resistant inbred 
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the effect on grain yield of different levels of resistance in 
d to southern corn leaf blight 


Regression 
coefhicient 
resulting Yield increments, in bush- (bushels per acre 
indicated els per acre, due to indicated per resistant in- 
stepwise increase in no. of bred line substi- 


lines in double-cross pedi- resistant inbred lines in tuted in double 
Hybrid grees pedigree crosses) 
Disease" Year designation l 2 3 } Oto l lto2 2to3 sto 4 
NCLB 1951 15.6 30.6 5.8 613 15.6 15.0 15.2 15.5 15.3" 
1952 Ind. 844 1.6 3.5 1.9 6.2 1.6 1.9 1.4 1.3 17 
U.S. 13 1.3 1.3 3.9 7.3 1.0 0.0 2.6 3.4 1.1 
1954 Ind. 844 5.6 15.3 16.7 16.4 5.6 9.7 1.4 —0.3 6.3* 
Ind. 844° 3.9 12.7 19.0 23.8 5.9 .8 6.3 1.8 6.2* 
U.S. 13 % 11.8 14.4 16.1 1.8 7.0 2.6 1.7 Tf 
1955 Ind. 844 6.9 15.6 22.2 28.5 6.9 8.7 65 6.3 ian 
i, a oe 1.6 9.8 13.7 17.4 1.6 D.2 3.9 3.7 4.7 
SCLB 1955 7 1.9 11.3 17.4 19.7 1.9 6.4 6.1 2.3 5.4 
*NCLB northern corn leaf blight: SCLB southern corn leaf blight. 


These double crosses were not standard numbered hybri 

Starred (*) regression coefhcients indicate statistical sig 

The resistant inbred lines substituted in the pedigree ot 
K 148. 

These double crosses were not standard numbered hybri 
in the text. 


corn leaf blight. In 1950, 5 resistant and 5 susceptible 
single crosses were inoculated; the same hybrids were 
grown in a noninoculated block. The yields of each 
resistant hybrid in the inoculated and in the noninoc- 
ulated blocks were compared with the yields of 
susceptible hybrids subjected to the same treatments. 
The results (Table 6) show that in nearly all com- 
parisons the resistant hybrids yielded significantly 
more in the presence of the disease than did the 
susceptible hybrids. A similar experiment, conducted 
in 1952. in which 3 resistant and 3 susceptible double 
crosses were used, showed the same general increase 
in yield of the resistant over the susceptible hybrids 
when grown under an epiphytotic (Table 7). In a 
third experiment. run in 1955. 15 double crosses 
were made up so as to have 0, 1, 2, 3, or 4 resistant 
inbred lines in their pedigrees. Three hybrids, each 
of a different pedigree, were represented at each of 
the 5 levels of resistance (0 to 4 resistant inbred 


| ABLE 6 Ca i ated data. in bushe 
, , 


per acre representing 


ds. Their pedigrees are given in the text. 
nificance beyond the 1 per cent level. 
Ind. 844 in this experiment were CI.15, Ky36-11, R39, and 


ds. Resistant and susceptible inbred components are given 


lines in a given pedigree). The resistant inbred lines 
used to make up the double crosses were C103, Tr, 
MoG, Os426, M14, and W20. The susceptible inbred 
components were L289, L317, R61, Wf9, P8, and Pri. 
[he results of this experiment, summarized in Table 
5. show that the fully resistant hybrids yielded an 
average of 19.7 bushels per acre more than did the 
fully susceptible hybrids. The regression coefficient 
of 5.4 bushels per acre reflects the mean increase in 
vield realized for each increment of resistance (re- 
sistant inbred line) substituted in the double-cross 
pedigrees. 

Helminthosporium leaf spot.—To test the effect of 
Helminthosporium leaf spot on yield, the resistant 
single cross K6l1 * Prl and the susceptible single 
cross K61 * Pr were used. The inbred lines K6l 
and Pr are susceptible to infection by Race I of H. 
carbonum,. Prl is a resistant recovery of Pr following 
an outcross to the resistant inbred Hy, with 6 subse- 


the superior vie ld of the resistant hybrids over the susceptt- 


e hybrids in the presence of an epiphytotic of southern corn leaf blight 


Data obtained when yield of indicated resistant hybrid was 


compare d with 


Susceptible 
hybrids ir <* M14 MoG * 0s426 

Wi9 R6] + 16.0 + 18.2 
L289 ~ P8 + 12.5 + 14.7 
L317 < Pri + 25.3 + 27.5 
P8 & R6I] + 15.0 + 17.2 
P8 Pr] 16.5 + 18.7 
Mean + 17.1 + 19.3 


‘These data calculated as indicated in Table 2. 


All values are statistically significant at the 1 per cent leve 


1 } 


vel, and 9.8, which is not statistically significant 


vields of different susceptible hybrids * 


C103 «* Os426 MoG Ir C103 « W20 
+ 18.2 + 23.0 + 13.3 
14.7 L 90.0 + 98 
97.5 + 32.8 22 6 
1 17 » 5 i 12 4 
8.7 + 35 13.8 
+ 19.3 24 + 14.4 
except 12.5 and 12.3, which are significant at the 5 per 
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TABLE 7 ( ale ulated date [ ( acre i g the ABLE 38. {ctua vields ot 2 single crosses in the absence 
supertor yield of re ant f S¢ er tf of He mii thosporium leat spot compared with their 
susceptible double f resence t} vields in the presence of the disease, and the calcu- 
ern corn leat blight ated diffe rence in vields due to resistance 
Data obtains é of indicated Non- 
resistant double is pared inoculated Inoculated 
vith el litterent =u ept t Singie cross block block Difference 
Sushels Bushels Bushels 
Vi of acre acre icTre 
MoG W2 | K61 Pr] 84.4 93.7 + 93 

Susceptible (103 () ( 03426 resistant) 

double crosses W20 i? \i V4 K6! Pr 82.6 19.3 ho 

susceptible) 

(L317 &« L289) Differer eo a 
(P8 & R61) pice iste hala stan 
aia 920 resistance 

(L317 X 1289) LSD at 1 per cent 3.8 6.8 


(Wfi9 & Prl) | 6 ) itt 
(P8 * R61) 
(Wf9 * Prl) f 1.2 Calculated as indicated in Table 2 
Mean 1 3 
more destructive than natural infection, which takes 


“All values are statisti ; ; 
place later. Primary lesions following artificial inoe- 


level. The data were il f i I i 
ulation are so few in number that it is unlikely that 

quent backcrosses to P1 eee De aad Pil they do any appreciable damage to the host. This 
are thus genetically quite.similar except for the gene is borne out in experiments made in 1952, in which 
pair hm/hm, which confers susceptibility to Race 1 little, if any. secondary spread of the disease developed 
of H. carbonum. The inbred li om indiatinentel intil mid-September. Under such circumstances, re- 
able in plant type and yield pot ductions in grain yield in the susceptible hybrids were 

Replicated plantings of the 2 fs meena . teininane not statistically significant. The greatest destruction 
made in each of 2 locations. which were separated bv of leaf tissue occurs when secondary spread of the 
about 34 mile. One planting mnculated whe disease becomes abundant. The time when this takes 
in the boot stage: the other v etiintalie inn place in either natural or artificially induced epi 
ulated. Weather conditio wel deviloweent of phytotics depends on weather conditions 
the disease throughout the remainder of the cro . The high level of severity and early onset of 
season. The similarity in viel wnt Uabusdien Ws northern corn leaf blight induced in the experiments 
9 trwbrids is shown by their perfo ae a in 1951 are rarely attained under natural conditions ' 
inoculated block (Table 8 erior vield of i Indiana and neighboring areas. Natural epiphy 
i. ations helett tn the wiesenen of the dices totics in this general area have been comparable in 
over its vield in the absence of t! a ee severity and in time of appearance to the artificial 
to the higher level of soil fert ' ‘noculated epiphytotics established in 1950, 1954. and 1955 
block. The influence of disease , tance on vield On the basis of these experiments. natural epiphy- 
in the presence of the dis es oy lew. anal totics of northern corn leaf blight that hecome severe 
lated difference of 72.6 ee, Saree 3 weeks after fertilization may be expected to 

DISCUSSION Initial infectio ( artifie depress yields as much as 50 per cent When the 
inoculation with a spore suspens at B disease does not become severe until 4-5 weeks after 
was established somewhat ear) ee a eee fertilization, losses of 15-25 per cent may take place 
the host than is commonly obs: 1 under natural If the onset of the disease is delayed until mid- 
conditions in the east-central part of the Corn Belt September or 6-8 weeks after full silk, no significant 
When moderate to severe natu: eniine it ahis losses in grain yield are likely to occur. 
disease occur. lesions general] t seen short 
after silking and do not beco dant until t DEPARTMENT OF BoTANY AND PLANT PATHOLOGY 
middle to the latter part \ L we AND 
fertilization. Earlier onset of | lisease re m grote +f ncenrgaiacaa 

Purpue UNIVERSITY 
from artificial inoculatio t expected te I aFAay INDIANA 
; 
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OSMOTIC PRESSURE AND PLANT VIRUS LOCAL LESIONS ! 


James D. Panzer? 


SUMMARY 


When Pinto bean plants were placed in solutions 
of glucose, sucrose, or CaCl. and inoculated 2 days 
later with tobacco mosaic virus, fewest lesions 
developed on those plants in the solutions with the 
highest osmotic concentrations. In further tests 
with osmotic pressures of 0.0, 0.6, 1.3. and 2.0 
atmospheres, fewer lesions occurred at 1.3 atmos- 
pheres than at 0.0 atmosphere when plants were 
placed in solutions of sucrose. glucose, fructose, 
maltose, or CaCl.; at 0.6 and 2.0 atmospheres with 
solutions of fructose; and at 2.0 atmospheres with 
CaCl. In all cases, the greatest effect occurred at 
1.3 atmospheres. 

Although a greater number of lesions was found 
on plants placed in K.SO, solutions of 0.6, 1.3, o1 
2.0 atmospheres than on plants placed in distilled 
water, the least number occurred at 1.3 atmospheres. 

Time of inoculation in relation to exposure of 
plants to solutions of various osmotic pressures 
was found to affect lesion number; the effect of 
osmotic pressure on lesion number was greatest 
when plants were exposed to the solutions at least 
2 days before inoculation, although this period 
varied with the different chemicals tested. 

In indirect effect of osmotic pressure on the 
virus through an alteration of the physiology of the 
suscept was inferred, because of lack of statistically 


significant differences in lesion number when solu- 
tions of various osmotic pressures were mixed with 
the virus prior to inoculation. 

Expressed fluids of leaf tissue of Pinto bean 
plants that had been placed in solutions of sucrose 
with osmotic pressures of 0.0, 0.6, and 1.3 atmos- 
pheres were 7.2, 8.6, and 11.7 atmospheres, respec- 
tively. The osmotic pressures of expressed fluids 
of leaf blades, petioles, and pulvini of soil-grown 
Pinto bean plants were 7.3, 8.9, and 10.7 atmos- 
pheres, respectively. When soil-grown plants were 
inoculated with tobacco mosaic virus, no lesions 
developed on the pulvini, few on the petioles, and 
many on the leaf blades. 

When the stems of severed bean plants of varie- 
ties other than Pinto were placed in sucrose solu- 
tions of 0.6, 1.3 and 2.0 atmospheres and the leaves 
inoculated with tobacco mosaic virus, a_ higher 
number of lesions developed in most cases than on 
plants in distilled water. 

The data suggest that osmostic pressure may a 
count for variations in lesion number on plants 
inoculated with virus and held under various en- 
vironmental conditions. Periods of darkness, expos 
ure to light. time of day of inoculation, ete. could 
change the osmotic pressure of the plant fluids, 
thus affecting lesion number 





Since considerable work is now centered about virus 
inhibition due to various chemicals and plant extracts, 
there is a need for evidence as to the effects of the 
colligative properties of the solutions of the inhibitors 
with respect to virus inhibition. In most work with 
virus inhibitors, mineral salts, or sugars, the checks 
consist of distilled water. Therefore, in this work the 
effect of osmotic pressure on virus lesion number is 
especially considered. 

LITERATURE REVIEW.—lIn search of the literature, no 
work could be found that related the effects of osmotic 
pressure to virus disease development, although there 
are many reports of differences in the number of 
local lesions induced by viruses on plants subjected to 
various environmental factors. For example. there 
are several reports of more lesions on various plants 
kept in the shade before inoculation than on plants 
kept in sunlight or under the usual greenhouse light 
conditions (1, 4, 6. 8, 12) 
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According to the work of Tinsley (11). increasing 
the amount of water supplied to plants of Nicotiana 
glutinosa LL. before inoculation with tobacco mosaic 
virus resulted in progressively fewer lesions. In con- 
trast, Samuel and Bald (7) present evidence that 
frequent watering of plants of \. glutinosa grown in 
small pots during the summer months resulted in 
“hard” plants that had fewer lesions when inoculated 
with tobacco mosaic virus or with spotted wilt virus 
than did plants that had been watered less frequently. 

Although not reported by these workers, the various 
differences attributed to environments could have been 
the result of different osmotic pressures of the fluids of 
the plant tissues as affected by exposure to the differ- 
ent environments. 

MATERIALS AND METHODS.—The materials and 
methods discussed in this section are common to 
the majority of experiments Spec ial methods will be 
discussed under experimental results. 

With the ex eption of the work on the effects of 
osmotic pressure on other hosts, the plants used were 
the Pinto variety of the common bean, Phaseolus vul- 
garis L. Seeds of test plants were sown in sterilized 
soil in 4-in. clay flower pots. The plants were used 
13 days later. 

Inoculum consisted of the green-mottling strain of 
tobacco mosaic virus (TMV) extracted from diseased 
}- to 10-week-old plants of Nicotiana tabacum | and 


—— 
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purified by differential centrifugation at 5000 and 
20,000 The 
suspended in phosphate buffer (pH 7) 
purified virus buffer mixture was mixed with 1000 ml 
K.»HPO, solution 


in plants were dusted 


obtained was re- 
One ml of the 


rpm. virus pellet so 


of a 0.1] per cent (bv weight 

The unifoliate leaves of the be 
with No. 600-grit Carborundum and 
small piece of cheesecloth that had 


swabbed with a 


been dipped in 
the inoculum. 


Treatments in all experime nts were randomized. or 


a Latin square or split-block arrangement was used, 


depending upon the size and nature of the experi- 


ments. Analysis of variance was employed for most of 


the data: however, in tests on association or in 2 treat- 
ment comparisons, the regression test and the ¢ test, 


respectively, were used. For isolation of comparisons 


with a single degree of freedom in the analysis of 


variance test, an orthogonal comparison was used 


whenever possible. 


EXPERIMENTAL RESULTS.—Effect of osmotic pressure 
of different solutions on number of lesions on Pinto 
beans.—Osmotic pressures for all electrolytes were 


calculated from freezing-point depressions of aqueous 
solutions according to the method of Hall. Miles. and 
Sherrill (3). Theoretical 
calculated for the sugar 


osmot pressures were 


these agreed very 


solutior < 


closely with those calculated Irom treezing point de- 
pression data. 
1) Detached-leaf experiments In this 


a detached-leaf 


laboratory, 


method as commonly used in virus 


inactivator studies (5, 9, 10) gave variable results in 
chemi als. 
that 


nature of the action 


tests on virus inhibition due to systemi 
Since the variability appeared to be due to sugat 
had been used in the solution, the 
of the sugar was studied further 


Primary leaves were detached from 9-day-old Pinto 


bean plants, inoculated with TMV, and floated on 
various sucrose solutions or placed on sand containing 
the sucrose solutions. Also, the petioles of other leaves 


were placed in sucrose solutions or in sand contain 


ing sucrose solutions. In the check treatments. dis 


tilled water was substituted for the sucrose solutions. 


Statistically significantly fewer lesions developed on 


leaves that had received a sucrose treatment without 
sand than on corresponding controls (Table 1) When 
sand was incorporated into the solutions, no signifi 


cant difference was found. Apparently the inhibitory 


action of the sucrose was suppressed in some way by 
the sand. It is recommended that sand not be used 
when a detached leaf method ised for screening 
chemicals, as the action of the chemicals may in some 
way be affected by the sand 


2) “Whole” 


the inhibitory 


and “severe mits lo ascertain 
effects of sucrose when an entire plant 
was used, roots of bean plants were washed free of soil 


and the plants (plants with roots) placed in tap water 


(check), in l per cent olucose n | per cent sucrose, 
or in 2 per cent sucrose \nother group of plants 
(plants without roots) were severed at the crown and 


the shoots placed in other flasks containing these 
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Paste 1.—Number of lesions on detached Pinto bean leaves 
inoculated with tobacco mosaic virus and exposed in 
various ways to distilled water or to a 2 per cent 
sucrose solution 

Number of lesions* 
when substrate was 
as indicated 

2% Water 


Leaf treatment Sucrose (check) 


Floated on liquid substrate eT 66 
Placed on sand containing substrate if 33 
Petioles placed in substrate - 18 
Petioles placed in sand 

containing substrate 4 93 


* Asterisk indicates that the difference between the indi- 
cated figure and that for the corresponding check is 
statistically significant at the 5 level; double 


asterisk indicates statistical significance at the 1 per cent 


per cent 
le vel. 


same solutions. Plants were inoculated with TMY 
2 days later. 

In both groups of plants, fewer lesions (statistically 
significant at the 5% level) developed on plants placed 
in 2 per cent sucrose or in 1 per cent glucose than on 
those placed in distilled water (Table 2). In contrast, 
the difference between the number of lesions on plants 
in 1 per cent sucrose and that on the check plants was 
Although 


series, @ 


not statistically significant in either series. 
both of the 
lesions resulted 
This method 


the same trend occurred in 


significantly higher mean number of 

when the severed-root method was used. 

is recommended and was used in other studies of this 

nature, 

pressures for the various solu- 
(Table 2). 

) 


sures of the 2 solutions resulting in fewest lesions were 


Theoretical osmotic 


tions were calculated The osmotic pres- 


r lose to § } 
tion that did not affect 
atmospheres. 


atmospheres, whereas that of the solu- 
lesion number was about 0.6 


To test whether the reduction could be attributed 


to osmotic pressure, the effects on lesion numbers of 
known osmotic. pressures 


solutions of chemicals of 


were determined. 
3) Sucrose.Pinto bean plants without roots were 


placed in distilled water (osmotic pressure approxi- 


TaBie 2. 


plants with and without roots placed in various Sugar 
solutions and inoculated with tobacco virus 


Vean number of lesions per leaf of Pinto bean 


mosal 


Mean No. of lesions" per leaf 


Plants with 


Calculated 


osmotic pressure Plants without 


Treatment (atmospheres) roots roots 
Tap Water 

(check) 0 15.9 7.0 
Sucrose, 1% 0.65 14.2 9 
Sucrose, 2% 1.31 5.9" 1.6 
Glucose, 1% 1.24 1.1° 0.6* 


Asterisk indicates that the difference between indicated 
figure and that for the corresponding check is statistically 
significant at the |] per cent le vel. 
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mately 0.0) and in sucrose solutions with osmotic 
pressures of from 0.2 to 2.0 atmospheres (increments 
of 0.2 atmospheres). Two days later, the plants were 
inoculated with TMV. The mean numbers of lesions 
per leaf were recorded 4 days later and are presented 
with a regression line in Figure 1, A. 

In general, a direct negative association existed 
between the mean numbers of lesions and the osmotic 
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Fic. 1. Mean number of lesions per leaf on Pinto bean 
plants inoculated with tobacco mosaic virus and 
plac ed In solutions of various osmotK pressures of A) 
sucrose, B) glucose, and C) calcium chloride. 
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pressure, although an upward trend occurred near 
2.0 atmospheres. 

\ statistical analysis was made of the data on the 
differences between number of lesions on check plants 
and on those treated at 3 lecels of osmotic pressure: 
those near 2.0 atmospheres, 0.6 atmospheres (that cal- 
culated for 1 per cent sucrose), and 1.3 atmospheres 
(that calculated for 1 per cent glucose or 2 per cent 
sucrose). Significantly fewer lesions were found at 
the 1.3 atmosphere region, but not at 0.6 or 2.0 
atmospheres, than on plants placed in distilled water. 

+) Glucose—The above procedures were used with 
solutions of glucose. Again, a direct negative associ- 
ation was found between the mean number of lesions 
and the osmotic pressure (Fig. 1, B), with a rise in 
the curve at 2.0 atmospheres as was true in the sucrose 
series. 

5) Fructose and maltose.—Bean plants were placed 
in maltose or fructose solutions of 0.6, 1.3, and 2.0 
atmospheres and in distilled water. The mean num- 
ber of lesions per leaf for solutions of 0.0, 0.6, 1.3, 
and 2.0 atmospheres were 11.25, 3.16, 1.15, and 4.05, 
respectively, for solutions of fructose and 11.25, 4.8, 
3.95, and 7.7, respectively, for solutions of maltose. 

Statistically significant differences, when compared 
with the check, were found at all fructose levels and 
at 0.6 and 1.3 atmospheres with maltose. The fewest 
lesions developed at 1.3 atmospheres with both sugars. 

A definite effect of osmotic pressure on number 
of lesions formed was found at 1.3 atmospheres with 
all sugars tested. An adverse effect on lesion develop- 
ment may occur at pressures greater or less than 1.3 
atmospheres, depending on the individual sugar. In 
general, a direct negative association exists between 
the number of lesions and osmotic pressure—the num- 
ber of lesions decreasing as osmotic pressure increases. 

6) Salts—a) CaCl,—Procedures similar to the 
above were used in tests with bean plants placed in 
CaCl, solutions of osmotic pressures of 0.6, 1.1, 1.7, 
pheres. Solutions above 3.4 atmospheres were phyto- 
toxic. The results of the remaining plants are given in 
Figure 1, C. 

\ direct negative association existed between the 
mean number of lesions and osmotic pressure. When 
the regions near 0.6, 1.3, and 2.0 atmospheres were 
considered, only the lesion counts at 1.3 and 2.0 
atmospheres differed significantly (5% level) from 
those of the checks. Fewest lesions developed at 1.3 
atmospheres. 

b) K.SO,—Bean plants in distilled water (check) 
and in K.SO, solutions of osmotic pressures of 0.6, 1.3, 
and 2.0 atmospheres were tested by the procedures 
described above. The mean number of lesions per 
leaf for the check and treatments were, respectively, 
2.1, 13.9, 11.6, and 32.2. The differences between the 
number of lesions produced on check plants and 
that on plants placed in each of the salt solutions were 
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all statistically significant. Othe than on the check. 
fewest lesions occurred at 1.3 atmospheres. Eithet 
the K ion or the SU, i parently favors lesion 
formation and could counteract the inhibitory effects 
of osmotic pressure The |e favorable effect of 
K.SO, occurred at the osmotic pressure where inhibi 
tion is usually found (1.3 atmospheres 

Other bean varieties The effect of osmotic pressure 
of sucrose solutions was tested with bean plants ol 
varieties other than Pinto: these included White 
Creaseback, Great Northern, and Michilite Phe 
means of the numbers of lesions for treatments of 
0.0, 0.6. and 1.3 atmospheres respectively, 4.3, 
10.1, and 7.2 for White Creaseback: 2.9, 9.9, and 7.4 


for Michilite: and 2.0. 3 Great Northern 


When compared with their check 


itmospheres 


a statistically significant increase in lesion number 


was found at 0.6 atmospheres irieties and at 


1.3 atmospheres with Michilit Although the typical 
minimum at 1.3 atmospheres found with Pinto beans 
did not occur, osmotic pressure ippears to have some 
effect on lesion development on other bean varieties 

Time of inoculatior lr ill revious experiments 
the plants were placed in the rious solutions tor 2 
days before being inoculated wit! rM\ In further 
tests, Pinto bean plants were inoculated immediately 
1 day and 2 days after they placed in flasks 
containing water or solutions of glucose. sucrose, or 
CaCl., each with osmotic pressures of 0.6 and 1.3 
atmospheres [The mean numbe if lesions that de 


veloped are presented 11 Table 

When plants were placed various solutions 
and inoculated with lM mmediately significant 
differences occurred only with f sucrose treatments. 
where fewer lesions were ound at 1.3 atmospheres 


when compared to the water check. When plants were 


inoculated 1 day after being placed in the solutions 
TaBLe 3.—Number of lesions per a 
inoculated with 7MI 
ous intervais after being , . 
ous osmotte press 
Mea t ns* per 
eal I ere n 
Osmoti ited indicated interval 
pressure ifter being placed in solution 
Solution atmospheres 1) ) days 
Glucose 0.0 ) f 9 
0.6 1.6 
1.3 
Sucrose 0.0 | P D 
0.6 { 14 
| 0.4* 
CaCl 0.0 .g 
0.6 yet 
Lad > 1* 
*Single asterisk indicates that he lifference between 
the indicated figure and that for t rresponding check 
(0.0 atmosphere) is statistically significant at the 5 pet 
cent level: double asterisk indicates significance at the 


] per cent level. 





Vol. 47 


HOLOGCY 


statistically significant differences occurred only with 
the glucose and sucrose treatments. When compared 
chec ks, 

> 


at 0.6 atmospheres with glucose and at 1.3 


with their respective wate more lesions 
occurred 
atmospheres with sucrose. If plants were exposed to 
the solutions and inoculated 2 days later, statistically 
significantly fewer lesions were found at 1.3 atmos. 
pheres with glucose, sucrose, and CaCl, and at 0.6 
as compared with their re- 


( hee ks, 


\pparently, any effect of osmotic pressure on lesion 


atmospheres with CaCl. 
spective water (0.0 atmospheres) 


number is dependent on the period of time the suscept 
is in the solution, and this period varies with the 
systemic 


nature of the solution. In evaluations of 


virus inhibitors, the time of inoculation should be 
considered in standardization of procedure. 

The effects 
pressure on number of lesions could result 


Effect of osmotic pressure on inoculum. 
ot osmoti 
from direct effect on the virus or from an indirect effect 
on the host plant. If osmotic pressure affects the 
virus directly, fewer lesions should develop on plants 
inoculated with TMV in a solution with an osmotic 
inoculated 


pressure of 1.3 atmospheres than when 


with TMV in water 


Pinto bean plants were placed in sucrose solutions 
with osmotic pressures of 0.0. 0.6, 1.3, and 2.0 atmos- 
pheres and inoculated with TM\ 


Another group of plants was placed in 


suspended in dis- 
tilled water. 
flasks containing distilled water and inoculated with 
[MY suspended in sucrose solutions of either 0.6, 1.3, 
or 2.0 atmospheres. A third group of plants was placed 
in flasks containing the various sucrose solutions and 
different 
The usual small number of lesions 


inoculated with the virus suspended in 
sucrose solutions. 
occurred at 1.3 and at 2.0 atmospheres when the 
plants were placed in the sucrose solutions and inocu- 
When the plants 


were placed in distilled water and inoculated with the 


lated with the virus-water mixture 


virus-sucrose mixtures, no statistically significant differ- 
ences occurred among the 3 inocula. When plants were 
placed in the sucrose solutions and inoculated with 
the virus-sucrose mixtures, significantly fewer lesions 
developed on plants in the 0.6 atmosphere solutions 
than on plants in any other sugar solution. 
\pparently the effects of osmotic pressure on lesion 
number results primarily from an effect on the host. 


Cryoscopic determination.—The actual osmotic pres- 


sure of expressed sap of leaf tissue of Pinto bean 


plants that had been placed in solutions of sucrose 


with osmotic pressures of 0.0. 0.6. and 1.3. were deter- 


mined by the cryoscople method (2). Sap was ex- 


tracted from the leafiets with a Carver plant press 


after the plants had been in the solutions for 2 days. 


») 0 


The osmotic pressures were 7.2. 8.6, and 11.7 atmos- 


pheres, respectively, for plants placed in solutions 


t 
with osmotic pressures of 0.0, 0.6, and 1.3 atmospheres. 

Yarwood (13) found that Pinto bean pulvini were 
resistant to 3 fungi and to 5 viruses (including TMV) 
but that the blades were susceptible. His results with 


no lesions 


[MV were duplicated in the present tests: 
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occurred on the pulvini, a few on the petioles, and 
many on the blades. If resistance of the pulvini is 
correlated with the osmotic pressure of the tissue, the 
osmotic pressure should be around 11.7 since this was 
the actual value of the extract of leaflets of bean plants 
placed in the sucrose solution of 1.3 atmospheres (the 
osmotic pressure that usually results in the smallest 
number of lesions). The actual osmotic pressures of 
the extract of blade, petiole, and of pulvini tissue of 
Pinto beans growing in soil in the greenhouse were 
determined cryoscopically. The osmotic pressures in 
atmospheres were as follows: blades, 7.3; petioles, 8.9; 
and pulvini. 10.7. 

The resistance of bean pulvini to TMV may be a 
result of the osmotic pressure of the plant fluids in 
the pulvini. 

DiscUssION The colligative properties of solutions 
may greatly affect lesion number and should not be 
overlooked in evaluation of various substances for 
virus disease control. It is evident that in any virus 
work in which plants are subjected to different chemi- 
cal solutions, the osmotic pressure of the solutions 
should be standardized as much as possible. Further 
study of the exact nature of the effects of osmoti 
pressure, such as the effect on amino acid content, 
and on the actual osmotic pressures of the plant fluids 
when exposed to various Osmotic pressure treatments 
is warranted. 

Although the effect of osmotic pressure on lesion 
development on bean plants varied with the variety, 
it appeared to have some effect with all bean varieties 
tested. It is very possible that osmotic pressure has 
some effect on most plants and that these effects are 
in some way related to host-pathogen relationships, 


especially in the case of viruses, and should therefore 
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be thoroughly investigated. 

Osmotic pressure could be related to the resistance 
found in Pinto bean leaf pulvini to various fungi and 
viruses by Yarwood (13), since it was demonstrated 
that the osmotic pressure of fluids extracted from the 
pulvini approximated that of fluids extracted from 
the leaves of plants placed in a 1.3 atmosphere solution 
(the osmotic pressure at which the fewest lesions 
occurred ). 

The data suggest that of the solutions used osmotic 
pressure does not affect TMV directly; however, with 
other chemicals or with other viruses, osmotic pressure 
might affect a virus directly, such as by denaturation 
of the virus protein. Osmotic pressure could affect 
the physiology of the host such that the virus does not 
increase in vivt or such that typical lesions are not 
formed even though the virus does increase. 

Osmotic pressure could be the explanation for the 
observations of Bawden and Roberts (1) who found 
a smaller number of lesions on test plants kept in the 
sun prior to inoculation as opposed to the number on 
those kept in the shade. They postulated that photo- 
synthetic products of the assay hosts were in some 
way inhibitory to lesion formation; this could be due 
to the osmotic effects of this “photosynthetic product.” 
In a like manner, the effect of time of day of inocu- 
lation reported by Mathews (4) and Yarwood (14) 
could be explained on the basis of osmotic pressure, 
as could the small number of lesions on inoculated 
detached bean leaves floated on 10 per cent sucrose 
that was reported by Yarwood (12). 
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\ WILT TOXIN! 


Ernst Gaumann 


StMMARY 


Fusaric acid, a pyridine-carboxylic acid, is formed 
not only by specif wilt pathogens Suit h as I usar 
asinfectum Atk. but 
also by no fewer than 6 members of the family 


ium lycopersici Sacc. and F, 
Hypocreaceae. Parasitologically, these belong to 
very different groups of pathogens. At least two 
of them also form dehydrofusaric acid; in in vitro 
culture, the saturated fusaric acid appears earlier 
than the unsaturated dehydrofusaric acid. 

Since none of these fungi produces only 1 toxin 
the fusaric acid in the several pathogens must 


function together with other kinds of toxins and 
with other metabolic products. produced by the 
pathogen; e.g. that produced by F. lycopersici acts 
together with at least 5 and that produced by 
Gibberella fujikuroi (Saw.) Wr. with at least 3. 

Fusaric acid production inside the host has, so 
far, been demonstrated for F. lycopersici in tomato 
plants and for F. vasinfectum in cotton plants: in 
the latter, it has been found in amounts up to 17 


mg/kg fresh weight. 





The problem ot whether the pathogens ot wilt 


diseases. in addition to their enzymatic action. also 
injure their host plants by means of more or less 
specific toxins is not yet settled. During the later 
years of World War Il. however the first specif 
wilt toxin lycomarasmin. was isolated from F. lyco 
persict Sacc. and defined chemically as a dipeptide 
(11). 

In the English literature there are some. errors 


concerning this toxin. It is stated that it is an ageing 


product of F. lycopersicit, appearing in the culture 
filtrate only after a lapse of 2 months. This idea is 
due to a misunderstanding of the German text. We 


normally harvest the Ilycomarasmin in our cultures 
at the end of 6-8 weeks. and this has been interpreted 


to mean that the lycomarasmin is produced only after 
6-8 weeks. In fact, lycomarasmin can be demon 
strated in the mycelium of F. lycopersici as early as 
the seventh day: in culture filtrates the lvcomarasmin 
content at this time amounts to about 10 mg/l. and 


it increases to about 200-300 mg/l by the 44th day 


when we collect it. 
Soon after the isolation of lvcomarasmin,. it became 
apparent that the young culture filtrates of F. lyco 


persici must contain at least 1 other toxin in addition 


to the Ivcomarasmin. since these culture filtrates 
inhibit the growth of such bacteria as Bacillus mesen 
tericus Trev . Vic rococcus pyogenes var. aureus | Ros 


Zopf, and Pseudomonas aeruginos Schroet.) Mig 
which lycomarasmin alone cannot do. For this reason. 
we have never stated that Ilvcomarasmin is the wilt 
toxin, but only that it is a wilt toxin of F. lycopersici. 
id a way of differ 


ty, 


It was necessary, therefore, to 


entiating this second toxin (which, as appeared later, 


is fusaric acid) from lycomarasmin. The previously 


mentioned bacteria were not suitable as test organ- 


isms, because their reaction is not distinct enough 


Moreover, young tomato shoots could not be used 
in wilt experiments, since both toxins evoke simila 


effects in tomato leaves. 


1 Accepted for publication January 2 ay 
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Our work on differentiation of the 2 toxins could 
not really begin until 7 years later, when a test 
object that reacts to fusaric acid but not to lyco- 
marasmin was discovered. This differentiating tech- 
nique, which is based on germination tests with 
chlamydospores of Ustilago zeae (Beckm.) Ung., was 
developed by Kern and described precisely by Kobel 
(51) and by Kern (48). Fusaric acid inhibits rela- 
tively severely the germination of the chlamydospores 
of U. zeae (the LD-., is in the region of 10-4 M), 
whereas lycomarasmin itself is innocuous to such 
spores. 

Thus. when a culture filtrate contains both lyco- 
marasmin and fusaric acid, its content of fusaric 
acid can be determined ceteris paribus by means of 
its “Ustilago-activity,” i.e. its inhibitory effect on the 
germination of the chlamydospores of Ul’. zeae. By 
this means, fusaric acid was subsequently recognized 
as an important pathogenic agent in several instigators 
of wilt diseases (28). 

The present paper discusses the chemistry and 
mode of formation of fusaric acid, its formative and 
operative range, and certain disease symptoms evoked 
by it. In a later paper we shall try to describe the 
ways in which fusaric acid produces its effects. 

THE CHEMISTRY OF FUSARIC ACIiD.—Fusaric acid 
was first isolated by Yabuta, Kambe. and Hayashi 


(82) as a metabolic product of an insignificant fungus, 
Fusarium heterosporum Nees, that is found all over 
the world as a saprophyte or nonspecific parasite on 
grasses, apples, ergots, etc. Eighteen years later it 
was recognised by Gaumann, Naef-Roth, and Kobel 
(28) as an important wilt toxin of Fusarium lyco- 
persict, F. vasinfectum Atk., and Gibberella fujikuroi 


(Saw.) Wr. 

Chemically it is a pyridine-carboxylic acid, namely 
>-butylpicolinic acid, with the empirical formula 
C,yH,;,0.N and a molecular weight of 179 (82): 


: 
' 
' 
i 
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Up to the present this constitutional formula, which 
made possible the synthesis of the fusaric acid 
(39.62.63), has remained undisputed. 

Certain differences occurred only in relation to 
the melting point of the compound. Pure fusaric 
acid has a melting point of 98°-100°C (39,77), but 
biogenic preparations often contain traces of dehydro- 
fusaric acid and possess therefore a somewhat higher 
melting point (up to 109°) (62,63,75,82). 

The existence of dehydrofusaric acid in prepara- 
tions of fusaric acid was demonstrated by Stoll (75). 
In the case of certain fungi that produce fusaric acid, 
e.g. G. fujikuroi, culture filtrates cause in the inter- 
veinel areas In the leaves of young tomato shoots a 
chlorosis that never appears as such in wilt experi- 
ments with pure fusaric acid. Researches on extrac- 
tion and purification of these culture filtrates led to 
the preparation of pure dehydrofusaric acid (5- 
butylenicpicolinic acid) with the empirical formula 
C,9H,,02N. a molecular weight of 177, and a melting 
point of 118-120°. Hydrogenation of dehydrofusaric 
acid with platinum and glacial acetic acid converts 
it to fusaric acid (76). 

Surprisingly, the unsaturated dehydrofusaric acid 
appears after the appearance of saturated fusaric acid 
in culture filtrates of F. lycopersici (77) as well as 
in those of G. fujikuroi (76). It is not yet known 
if dehydrofusaric acid is produced de novo independ- 
ently of the synthesis of fusaric acid, or if it remains 
in the culture filtrates as a stage of an incomplete 
fusaric acid synthesis, 

For the technical production of fusaric acid, cul- 
ture filtrates of the fungi are brought to pH 4.0 and 
thoroughly extracted with ethyl acetate. The ethyl 
acetate extract is evaporated and the residue dissolved 
in a litthke water and made alkaline with bicarbonate 
(of about pH 8-8.5). To remove impurities, the 
alkaline water solution is shaken twice with half its 
volume of ether, again acidified, and thoroughly 
extracted with ether in a fluid-extration apparatus to 
obtain the acids. After evaporation of the ether these 
acids are readily crystallized. Usually, a mixture 
of fusaric acid and dehydrofusaric acid is obtained, 
but this can be resolved by Craig-distribution between 
water and ethyl acetate (70,76). 

\{ paper chromatographic method for determining 
small amounts of fusaric acid was devised by Zahner 
(86.87 ) 

THE NUTRITIONAL PHYSIOLOGY OF FUSARIC ACID PRO- 
pUCERS.—Study of the metabolism of the wilt disease 
pathogens in which we are interested dates back to 
the researchers, amongst others, of Sherwood (73), 
White (80). Ahmet (1), and Luz (59). More 
recently, such work has been reported by Gottlieb 
(36), Stoll (75), Fliick and Richle (22), and Sanwal 
(71). Detailed comparisons of the results of these 
investigations cannot be made, because the experi- 
ments were carried out at different times, with differ- 
ent strains, and under different conditions. 


The metabolism of fusaric acid producers.—Since 
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Fic. 1. Mycelial growth, sugar consumption, and alcohol 
formation of Fusarium lycopersici in a modified Richard's 
solution. m) Mycelial dry weight in mg. gil) Glucose con- 
tent of culture filtrate as percentage of nutrient solution. 
a) Ethyl alcohol content as percentage of nutrient solu- 
tion. Abscissa: days after seeding of cultures (After Luz 
(59)) 


the fusaric acid molecule contains only carbon, nitro- 
gen, oxygen, and hydrogen, the carbon and nitrogen 
metabolism of the pathogens concerned must play a 
decisive role in the biosynthesis of these compounds. 

1) Sources of carbon The glucose provided in 
vitro is depleted by F. lycopersici in some cases in 
about 18 days (Fig. 1, curve gl) and in other cases 
(71) in about 36 days, whereas it is depleted by G. 
fujikurot within 11 days (75). 

Although no direct relation can be demonstrated 
between carbohydrate metabolism and fusaric acid 
synthesis, the production of fusaric acid is conditioned 
by the ratio of carbon and nitrogen available in the 
nutrient solution; thus, in Richard's nutrient solu- 
tion, F. lycopersici produces more fusaric acid in 
media with 2.5 per cent C and 0.5 per cent N than 
in media containing 2.5 per cent C and 1 per cent N 
or 5 per cent C and 0.5 per cent N (71). The optimal 
C:N ration seems to be about 5:1. 

In stock cultures in Erlenmeyer flasks where aera- 
tion of the solution is relatively poor, F. lycopersici 
converts some of the glucose provided into ethyl alco- 
hol (Fig. 1, curve a), which in turn serves as a carbon 
source and disappears in about 37 days (59). 


It is probable that ethyl alcohol is formed not only 
in vitro but also under the nutritional conditions 
inside tomato shoots, where it may alter considerably 
the disease-disposition of these shoots. Thus, if shoots 
of the resistant tomato variety Jefferson are placed 
in conidial suspensions of F. lycopersici containing 
1.0, 0.5, or 0.2 per cent ethyl alcohol, they become 
characteristically wilted in 12-15 days, whereas the 
controls, and the parallels treated with similar con- 
centrations of methyl, isopropyl, or n-butyl alcohol, 
remain unaffected (72). Thus, ethyl alcohol has a 
specific toxic effect, and a concentration of only 0.2 
per cent suffices to alter the reaction type of tomato 
shoots from that characteristic of resistant varieties 


to that of susceptible ones. 
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The threshold value it which this toxic effect of 16+ mg/100 ml —s ee ee ee 
ethyl alcohol operates is probably much lower than 0.2 l Am 
per cent, perhaps only one-tenth as much It seems ’ 
probable that F. lycopers ca effect such a concen 2 
tration in vivo, inside the vessels. For example, the 
greatest in vitro concentratio f ethyl alcohol in the C Am 
experiment illustrated in Figure was 2.] per cent: 
if only | per cent of this production ts ae hieved ’ i 
in vivo, the threshold of activity in the host tissues  ¢ | 
probably will be exceeded 
It is not improbable, therefore. that ethyl alcohol, 4 i pe, ne 104 
as well as ethylene (20 plays a part in the patho / ———— a “Me me 
genesis of tomato wilt: in contrast to ethylene, ethyl \ — \ 
alcohol does not act directly is an inde pendent toxin 7 —— : 2 . 7 4 ry 4 30 i 6 q _ 
on the host tissues but only as a companion substance 
that conditions the host plant the action of othe Fic. 3. The content of amino nitrogen (curve Am) and 
pathogenic substances of fusaric acid nitrogen (curve Fs) in the culture filtrate | 
; : of Fusarium lycopersici grown in a modified Richard's 
F. lycopersict can also utilize the carbon from nutrient solution containing ammonium nitrate. Abscissa: 
certain amino acids, such as aspartic acid, glutami time in days. Ordinate: N content in mg/100 ml of culture 
acid. and glycine: these can se1 is the only source filtrate. The curve for fusaric acid N was increased by a 
of carbon (36.71). If certain amino acids are the only factor of 10. (After Sanwal (71)). 
source of both carbon and nitrogen. the fungus grows 
without developing its full metabolism; e.g. it forms incidence of disease among tomato plants grown 
considerable amounts of fusaric acid if it is supplied under varying conditions of soil moisture was ac- 
with glycine but not when aspartic acid or glutamic companied by differences in the nitrate content of ’ 
acid is its sole source of carbon and nitrogen (71 their tissues; with a soil moisture of about 24 per cent, 
2) Sources of nitroger Inside the host, both in when all the test plants became diseased, the basal 
organic and organic sources of nitrogen are available parts of the shoots were rich in nitrate nitrogen, i 


to wilt pathogens. whereas plants grown at a soil moisture of about 14 


If either F. lycopersi« \ ay or G. fujikuroi (75 per cent, when no disease occurred, contained only 
is cultivated in vitro in a solution oft ippropriate pH traces otf nitrate nitrogen. In any case, it would be ' 
containing ammonium nitrate tilizes mainly the worthwhile to re-examine these observations — by 
nitrate-N in the first period of growth lasting some Clayton. 

2-3 weeks (Fig. 2): later, it also utilizes the ammonia Most of the work on organic sources of nitrogen ' 
N. A direct relation between nitrate utilization and has been carried out on amino acids. In a culture of 
fusaric acid production cannot, however is yet be F. lycopersici on Richard's nutrient solution contain- 
established (Fig. 2) ing N in the form of ammonium nitrate (Fig. 3). the 

This preference for nitrate nitrogen may explain content of a amino-N and that of fusaric acid in 

an observation by Clayton (12) that the differential the culture fluid varied in opposite directions (71). 


The amino-N content of the culture filtrate reached a 
first maximum in 12 days. Subsequently, the fusaric 


350} 
. nae : acid content in the culture filtrate increased rapidly 
ne) and the amino-N content decreased pari passu. For 
300 —* ‘ . 
ta reasons as yet obscure. the content of fusarie acid 
ee then declined. whilst that of amino-N_ increased. 
250 9 : 
Between the 33rd and 36th day, this process was re- 
; I 
peated: the amino-N content decreased and the 
200; fusaric acid content increased. After the 36th day. 
ae the amino-N content became quite high. probably 
150 { because of extensive autolysis. These relations. how- 
NO;-N ever, are not yet clear (22); it seems that the fluctu- 
100} ee ations in the amounts of fusaric acid produced run 
vg counter to those in the measurable amounts of citrul- 
50} a line and alanine in the culture filtrates (Table 1). 
3) Consecutive changes in mycelial weight.—In 
*. =; , : 4 I > yy ~SCtultures of F. lycopersici and of G. fujikuroi, the 
mycelial weight steadily increases during the first 
Fic. 2. The course of nit: ger t ation by Fusariun 5 weeks (Fig. - curve mm): therefore. the weight 
ae _ anta - naan the . ; . ° 
lycopersici in a culture solutis ining nitrogen in is not directly influenced by variations in the carbon 
form of ammonium nitrate. Abscissa: time in days. Or 1 nit ly lis 1 al After thi 
nate: total nitrogen (t-N) and nitrate nitrogen (NO,-N) — ee Ser SS eae eee. ter this 
in culture fluid (After | period, however, autolysis predominates over growth; 
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Tasie | The amino acid content of the culture filtrate 

and of the aqueous mycelial extract of Fusarium 
ycopersici. grown in nutrient solution containing 
ummonum nitrate as the only source of nitrogen 


a 
fter Fliick and Richle (22)) 


Relative amounts* of amino acids 
when cultures were of indicated 
age (days) 


In aqueous 


Ami acid In culture filtrate mycelial extract 
7 18 24 54 7 18 24 4 
Asparagine ] ] l | | | l l 
Aspartic acid } ; 3 } } ; 3 
Glutamic acid 5 ; ; ; } } } ; 
Serine ] l l l l l ] 
Glycine l ] } l 2 2 2 2 
Alanine ] 2 5 ] } 2 ; 2 
Citrulline 0 l 2 0 2 ] 2 0 
Threonine 0 0 0 0 2 2 2 2 
Valine 0 0 0 0 | | l l 
Methionine 0 0 U 0 ] ] l ] 
Leucine 0 0 0 0 | | | ] 
Proline 0 0 0 0 | l l l 
Phenylalanine 0 0 0 0 O 0 0 0 
*() not detectable, 1 trace, 2 appreciable 
amounts, and 3 abundant. 


e.g. in Figure 1 the loss of mycelial weight amounts 
only to about 8 per cent, in Figure 4 to about 23 per 
cent, whereas in other cultures of F. lycopersici it 
may. in the same length of time, amount to about 
40 per cent (71). G. fujikuroi (Fig. 5) shows simi- 
lar fluctuations (75). 

This dominance of autolysis over increase shows 
itself also in the content of the ash constituents of the 
mycelium: in F. lycopersici, it amounts initially to 
about 8 per cent of the dry weight. then falls grad- 
ually to 7-7.5 per cent, and after 14 days drops sud- 
denly (within 48 hours) to about 1.8 per cent (Fig. 
6). Potash and phosphoric acid are primarily con- 
cerned in this diminution, since the potash content 
of the mycelium drops from 2.6 to 0.5 per cent within 
the critical 2 days, and the phosphoric acid content 
drops from 4.0 to 1.2 per cent (59). 

Doubtless, autolysis of single cells starts in all 
fungal cultures immediately after the onset of growth, 
but in F. lycopersici the breaking down of hyphae 
by about the 14th day must suddenly take on such 
catastrophic proportions that macrochemically detec- 
table amounts of important ash constituents return 
to the nutrient solution from inside the cells. Plasmo- 
lytic experiments show that many fungal cells are 
shrunken and no longer plasmolysable after only 
8-10 days in culture: after 2 weeks in culture, this 
cell mortality becomes so prevalent that it can be 
detected macroscopi ally by the appearance of the 
colony (59 

In G. fujikuroi, no detailed study has yet been made 
of these events, but it would seem probable that they 
follow a similar course; thus the nitrate content of a 
culture filtrate increases again after about a 3-week 
culture period at exactly the same time that the my- 


celial weight begins to decrease because of the pre- 
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Fic. 4. The time relations of mycelial growth and of 
toxin formation of Fusarium lycopersici in a modified 
Richard’s nutrient solution. Abscissa: period of culture in 
days. Ordinates: curve m) average mycelial dry weight 
in mg per flask; curve lst.) Ustilago-activity of the culture 
filtrate; curve J) content in the culture filtrate of pure 
crystallized fusaric acid; curve 2) content in the culture 
filtrate of pure crystallized dehydrofusaric acid in mg/l. 


(After Stoll et al (77)) 


dominance of autolysis (Fig. 7). These nitrates must 
either have been stored as such in the fungal cells or 
have been formed anew as end stages in the autolysis 
of nitrogenous compounds (75). 

The time-relations of fusaric acid production in 
vitro._-The ways in which the several producers of 
fusaric acid achieve its biosynthesis are still obscure. 
Thus, we do not yet know whether the stages of forma- 
tion that are used as steps in the laboratory synthesis 
of fusaric acid are actually traversed by the pathogens. 
It is, however, quite clear that fusaric acid is not a 
product of autolysis, since the data in Figures 4 and 5 
indicate no direct connection between mycelial dry 
weight and the fusaric acid content of the culture 
solution. 

It is remarkable that fusaric acid and dehydro- 
fusaric acid, in contrast to lycomarasmin, have never 
been demonstrated inside the fungal hyphae. Ad- 
mittedly, current methods of disintegrating mycelium 
afford no guarantee that the material of the cell will 
be obtained in natural form; nevertheless, it appears 
that traces of both these toxins should have been found 
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7) 0 
Fic. 5. The time-relations of growt ind of 
toxin formation of Gibberella | n a modified 
Richard’s nutrient solutior f period of culture 
in davs. Ordinates: curve n : rage veelial drv weight 
in mg per flask; curve Ust) Ustilage ivity of the ture 
filtrate: curve /]) content in the re filtrate of pure 
crystallized fusaric acid: rve tent in the culture 
filtrate of pure crystallize 
(After Stoll and Renz (76) 
in mycelial preparations 
These gaps in our knowledge about the biosvnthesis 
of fusaric acid are regrettabl iuse the fusari 
acid contents of the nutrient solution of cultures of 


F. lycopersici and of G indicated by 


Ustilago-activity, show certain oscillations that are 
dificult to understand without such knowledge. For 
instance, in both fungi the Ustilas tivity of culture 
filtrates reaches a first peak even during the wholly 
vegetative growth of the pathogs Fig. 4. 5 ther 
for a time it diminishes, only to reach a second peak 
some 10 days later (before or during the period at 
which the mycelial weight is at its maximum): there 
after, it definitely decreases n very old cultures 


probably because of toxic produ mycelial de 





composition, the Ustilago-activity sometimes increases 
again by a small amount (Fig. 4 In exceptional 
cases, as in an experiment of Sanwa (1) with strain 
R-5-6 of F. lycoperst« i, the curve of activity may show 


only a single peak 
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Fic. 6. The content of total ash (KO), 


and phosphori ac id 


(a), potash 
(P.0O;) in mycelium of Fusarium 
ycopersict. Each is expressed as percentage of the mycelial 
dry weight. Abscissa: days from seeding of cultures. (After 
| iz (59) y. 


If the pathogenic activities of F. lycopersici and G. 
fujikuroi were also to follow a double-peak rhythm 
during their parasitic phase within the host, it might 
be surmised that the first peak would occur at the 
start of the acute stage of infection and the second 
peak at the end of the chronic stage of infection. It 
may be that the sudden break-down that terminates 
pathogenesis in many wilt diseases is associated with 
a second activity maximum of the pathogen. 

lhe 2 peaks of the activity curve of some pathogens 
result from a quantitatively varying production of 
the 1 toxin during particular periods of growth (a 
thus. according to 


Kluepfel and M. 


gliotoxin content of culture filtrates of 


question of redoxpotentials ge 


unpublished observations of D. 
Juillard, the 
{spergillus fumigatus Fres. and of Trichoderma viride 
Pers. shows 2 marked quantitative maxima in both 
stationary and shaken cultures (Fig. 8). 


With other 


and qualitative changes in toxin activity occur together 


pathogens, however, both quantitative 


during the growth of the cultures; thus, during a first 
phase of development, culture filtrates of Fusarium 


iw. he, 


Sm.) Sacec. contain several toxins 


“dimorum 


5 0 5 20 25 30 ad 35 

Fic. 7. Consecutive changes in the nitrate content of the 

ilture fluid of Gibberella fujikuroi. Abscissa: age of cul 

ture in days. Ordinate: relative nitrate content of culture 
fluid. (After Stoll (75)). 
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Fic. 8. Quantitative variation of the gliotoxin content 
in culture filtrates of Aspergillus fumigatus Fres. mut. 
Helvola during the growth of the fungal culture. Abscissa: 
culture period in hours. Ordinate: gliotoxin content in 
mg/l. (Original, D. Kluepfel). 


that inhibit the growth of Bacillus subtilis Cohn and 
damage the leaves of Melilotus albus Desr. and of 
Lycopersicon esculentum Mill. (Fig. 9), whereas only 
the substance that injures tomato leaves is present in 
more mature filtrates where it reaches a second maxi- 
mum of activity (53). 

F. lycopersici (77) and G. fujikuroi (76) belong to 
a third group (Fig. 4, 5). The temporary decline in 
activity between the first and second activity maxima, 
in particular, finds no explanation in the actual fusaric 
acid contents; perhaps it is conditioned by secondary 
products of metabolism that are released by the patho- 
gen into the nutrient solution in that specific phase of 
growth and that deactivate or bind fusaric acid. Per- 
haps this change in the pathogen’s metabolism is as- 
sociated with the fact that it is during this phase of 
development that dehydrofusaric acid first appears in 
the culture filtrates. 





Fic. 9. Toxin content of culture filtrates of Fusarium 
culmorum during the course of its growth {hscissa: cul- 
ture period in days. Ordinates: relative inhibition of 
Bacillus subtilis (curve 1), injury to leaves of Melilotus 
albus (curve 2) and of Lycope rsicon esculentum (curve 
(After Landolt (53)). 
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Special nutritional requirements for the formation of 
fusaric acid —Most pathogens are able to form their 
specific toxins only under particular conditions. In 
certain cases, toxin synthesis depends on the presence 
of particular trace elements that are not themselves 
built into the toxin molecule but into the enzyme 
systems that are decisive in the formation of the sub- 
stance in question; e.g. diphtheria toxin is formed 
only in the presence of iron. 

In other cases, the general physiological status of 
the pathogen determines its formation of toxin and 
hence its pathogenicity; e.g. certain strains of Coryne- 
bacterium diphtheriae (Fliigge) L. et N. normally can- 
not produce diphtheria toxin and therefore are non- 
pathogenic. But if these strains are attacked by 
Phage B, their metabolism is changed in such a way 
that they then synthesize diphtheria toxin freely and 
thereby regain their toxicity and pathogenicity 
(23, 37). In a similar way, the synthesis of fusaric 
acid is conditioned by the presence or absence of cer- 
tain trace substances and by the general physiological 
status of the pathogen. 

Substances favouring fusaric acid production.—The 
presence of zinc within a very definite and narrow 
range exerts a favourable influence on fusaric acid 
production by F. vasinfectum (Fig. 10). In _ the 
absence of zinc or in its presence below a threshold 
of 0.08 mg/l, the fungus does not produce fusaric 
acid. At 0.24 mg the fusaric acid in the culture 
fluid reaches a maximum. With more than 0.4 mg/1 


of zine in the nutritive solution, fusaric acid synthesis 
is inhibited. Here too, no relation exists between 
growth of the pathogen and its production of toxin 
(46). 

Similar relationships between the zinc content of 
the nutrient solution and toxin synthesis exist among 
the organisms producing medically interesting anti- 
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Fic. 10. The influence of the zinc content of the nutri- 
tive solution on fusaric acid production by Fusarium vasin- 
fectum. Abscissa: mg zinc per 1 of nutritive solution. 


Ordinates: mycelial dry weight (curve 1) and antibiotic 


activity of the culture filtrates (curve 2), both in arbitrary 
units, The antibiotic activity is due mainly to fusaric acid. 
(After Kalvanasundaram and Saraswathi-Devi (46)). 
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biotics. Penicillium notatum Westl. forms penicillin 
only in the presence of zine in its absence it torms 
poisonous notatin. Streptomyces griseus (Kr.) W. et 
H. forms streptomycin only in the presence of zinc, 
iron, and copper (10). 

Again, traces of other substances favour fusari 
acid synthesis, although the active ingredients are not 
yet known. “Wad extract.” a water extract of crude 
cotton wool, added to stock cultures of G. fujikuroi 
accelerates and increases the production of fusari 


acid (75). Wad extract also exerts a similar stimulat- 


ing effect on penicillin production by Penicillium 
notatum (21). 


Substances inhibiting fusari production 


The only example so far studied of an inhibitory sub 
| 


stance that possibly might be active in vivo is tomatin: 
unfortunately the results of this investigation were 
negative. 

Irving, Fontaine, and Doolittle (44. 45) and Irvine 
(43) isolated from tomato plants glycoside. tomatin 
that has a wide range of antibiotic activity and in 
hibits the germination of the conidia of the potato 
pathogen Fusarium solani (Mart App. et Wr. at a 
concentration of only 2 10 M. Since it occurs in 
the vascular sap of tomato plants at a concentration 
of about 10-4 M (48). it probably constitutes in 
tomato plants a resistance factor against F. solani 

But the specifi wilt pathogen tomato plants | 
lycopersici, reacts only slightly to tomatin The LD 
for the germination of its conidia is about 2 10 
M, i.e. 100 times higher than that for F. solani. With 
F. lycopersict, neither toxin production in tro nol 
the activity in vivo of lycomarasmin and fusaric acid 
are reduced by tomatin. This is true for solanin as 
well as for tomatin (48) 

The tomatin content of tomato varieties or of tomato 
tissues does not. therefore. determine produc 
tion of fusaric acid by F. lycopers 

The importance of the phys gical status of the 
pathogen for its fusaric acid productior The fusaric 
acid production ot the different pathogens 1s ilso in 
fluenced by their physiological status. In such cases 
vegetative growth may be inversely correlated with 
fusaric acid production. Thus, under certain condi 
tions of aeration of the cultures. the highly virulent 
strain R-5-6 of F. lycopersi forms much more my 
celium than does the weakly pathogenic strain 257 
but only about one-fifth as much fusaric acid (48 

The classical example of such a contrary influence 
of the physiologic al status of a plant parasite on its 
mycelial growth and on its producti of certain 
metabolites is found in a distant relatiy of the wilt 
pathogen under discussion here, namely in the ergot 
fungus, Claviceps purpurea (Fi Tul. /n vitro, this 
fungus produces an abundance of lium. but there 
is no appreciable synthesis of alkaloids except for the 
simpler ones formed by the addition of a N-free radi 
cal to lysergis acid (e.g. agroclavin and elymoclavin 
In contrast. during its parasiti inside ovaries 
of Gramineae. where its vegetative growth is inhibited 
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this fungus produces therapeutically valuable peptide 
alkaloids, like ergotamine and ergotoxin, in amounts 


up to about 0.2 


per cent of its dry weight. 

Factors favouring fusaric acid production within the 
host plant. No doubt factors similar to those we have 
discussed for in vitro culture will also determine within 
the host 


forming fusaric acid 


whether or not the pathogen succeeds in 


(and other toxins), thereby at- 
If this is true. then all 


tomato varieties in which F. lycopersici can form its 


taining its full pathogenicity. 


specific toxins would, ceteris paribus, be susceptible to 
wilt whereas all varieties in which it could not do so 
would be resistant. 

\s an example of what happens in the case of non- 


Scheffer Walker (72) al- 


lowed conidial suspensions of Fusarium conglutinans 


congenial pathogens, and 
Wr. (the pathogen of wilt, or yellows, of cabbage) to 


ascend inside shoots of Bonny Best, a tomato yariety 
highly susceptible to tomato wilt. Even after 35 days, 
the still present the 


portions of the shoots but had induced no disease. In 


fungus was unaltered in basal 
view, disease was absent from the shoots because 
they did not enable F. 


toxins, 


our 
conglutinans to form its specifie 
When it does form these toxins (for example, 
if one puts tomato shoots in appropriate culture fil- 
trates of F. the 
highly susceptible. According to our conception. there- 


conglutinans ), shoots prove to be 
fore, it is not a toxin resistance that protects the shoots 
from F. 
merely the circumstance that the shoots do not pro- 


toxin by F. 


conglutinans in the experiments described but 


vide the conditions for the production ol 
conglutinans. 
Probably 


similar 


the conditions within tomato shoots are 


for different virulent strains of F. /ycopersict. 


Certainly the capacity for “generalization” (i.e. for 
spreading within the host) is very diverse in these, 


being very high in strain R-5-6 of the U. S. Department 


of Agriculture and relatively low in strain 257: hence, 


strain 257 sometimes can be isolated from parts of 


tomato plants that show no symptoms. It follows, 
therefore, that the pathogen had achieved colonization 
but had not produced toxins. 

The different wilt-susceptible tomato varieties react 
acid (48) 


Therefore, if these toxins were formed when such varie- 


alike to lyecomarasmin (30) and to fusaric 
infected by F. lycopersici, all would respond 
The differential the different 
varieties to the pathogen must, therefore, depend upon 
wilt- 
provide conditions 


ties are 


identically. response of 


other resistance factors. In view, certain 


do 
inder which the pathogen can form adequate toxin. 
Thus. Scheffer Walker (72) 


suspensions of a highly virulent strain of F. /ycopersici 


our 


resistant tomato varieties not 


and allowed conidial 
wilt-resistant 
the 


Our interpretation 


Jefferson, a 
infected at 


shoots ot 
the 


hecome diseased. 


to ascend inside 


variety: shoots remained 
hase but did not 


is that this variety did not provide the conditions for 


tomato 


When the respiration of the shoots is 


reduced by allowing them to take up 2. 


toxin synthesis. 
t-dinitrophenol 

they become 
Gothoskar et al 4) 


or other respiration-inhibiting poisons, 


diseased in the typical mannet 
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assume that whilst respiration continues a substance 
toxic to the fungus is formed and hinders the advance 
of the fungus. They suggest that this toxin is so un- 
stable that it cannot be detected in expressed sap and 
extracts. It may be questioned whether these results 
cannot be more easily explained on the basis of toxin 
theory: so long as the variety Jefferson retains its full 
vitality. its defense reactions prevent the pathogen 
from forming toxin; as soon as the host is definitely 
weakened, toxin is produced and the pathogen achieves 
its full development. 

On the same basis, we could explain the results of 
the grafting experiments of Heinze and Andrus (42). 
If scions of the highly wilt-resistant tomato variety 
Pan America are grafted on to stocks of the wilt- 
susceptible variety Bonny Best, they become as severe- 
ly diseased as do Bonny Best scions on Bonny Best 
stocks. But Bonny Best scions on Pan America stocks 
become diseased only to the same slight degree as do 
Pan America scions on Pan America stocks or as do 
self-rooted Pan America plants. The toxin sensitivity 
of both tomato varieties is equally high, and in our 
opinion they differ only in their capacity to allow the 
pathogen to spread and, in particular, to form toxin. 
On Bonny Best, the pathogen forms toxin and is there- 
fore able to injure the grafted Pan America scion; on 
Pan America, it achieves neither generalization nor 
toxin formation and therefore can neither penetrate 
the Bonny Best scion nor injure it indirectly by means 
of its toxins. In our opinion, a like situation oceurs in 
the intergeneric grafts of Davis (17). 

In our view, it is because the toxin synthesis in vivo 
is controlled by the host that in many cases there 
exists no direct relationship between the pathogenicity 
of a pathogen in vivo and its toxigenicity in vitro: 
strains highly virulent in vivo may be weakly toxigeni 
in vitro, and conversely (30, 48) the extent of patho- 
genicity in vivo depends on how adequately the para- 
site can maintain its own metabolism inside the host 
and thus achieve toxin synthesis. Once this is achieved 
the resistance of the host is soon overcome. 

Perhaps with the help of isotope techniques, like 
that used by Kern and Sanwal (50) and Kern and 
Kluepfel (49), it will become possible to answer these 
questions by experimental evidence. 

THE RANGE OF FORMATION AND OF ACTIVITY O} 
FUSARIC acID.—-The range of formation of fusaric acid. 


Fusariec acid and dehydrofusaric acid, the members 


of the fusaric acid group to be discussed here, have 
been detected only in fungi belonging to the family 
Hypocreaceae. 

Fusarium lycopersict, the pathogen of a wilt of to- 
matoes in Europe and North America, produces dehy- 
drofusaric acid as well as fusaric acid (28, 77). In 
culture filtrates of F. vasinfectum, the pathogen of a 
cosmopolitan wilt disease of cotton plants, only fusaric 
acid has so far been detected (28. 47, 52). Nectria 
cinnabarina (Tode) Fr., the pathogen of coral spot 


disease of trees and numerous other phanerogams, is 


known to produce fusaric acid only (25 Gibberella 
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fujikuroi (= Fusarium monilijorme Sheld.), a pathogen 
of bakanaé disease of rice, maize, and sugar cane in 
Eastern Asia, produces both fusaric acid (28) and 
dehydrofusaric acid (75, 76). Fusarium heterosporum 
Nees, a ubiquitous saprophyte or nonspecific parasite 
of grasses, apples, ergot sclerotia, ete.. produces 
fusaric acid and possibly dehydrofusaric acid. Since 
Yabuta, Kambe, and Hayashi (82) gave a high melt- 
ing point for their fusaric acid preparation, it is possi- 
ble that they were dealing with a mixture of fusaric 
acid and dehydrofusaric acid. Several Japanese and 
European authors have erroneously deemed this name 
to be a synonym of Gibberella fujikuroi, but the 2 
fungi are not identical (4). Fusarium orthoceras 
Appel et Wr., a cosmopolitan saprophyte and a 
vascular and wilt pathogen of peas, potatoes, etc., 
produces fusaric acid. The identification of fusaric 
acid was made by Venkata Ram in Madras (communi- 
cated by letter). The presence of dehydrofusaric acid 
has not yet been established. 

These 6 fungi differ markedly in their phytopatho- 
logical aspects. Fusarium lycopersici and F. vasin- 
fectum are pathogens of true wilt diseases, and their 
toxins can lead to the complete collapse of the host. 
The same is true for certain races of F. orthoceras. 
\Vectria cinnabarina, in contrast, is a pronounced 
perthophyte that destroys the host tissues in its im- 
mediate vicinity but very seldom acts at a distance in 
the manner of wilt pathogens. Gibberella fujikuroi 
causes a quite different disease and acts either by 
means of direct necrosis or by stimulating adventitious 
growths similar to witches’ brooms. F. heterosporum 
is only a semi-parasite and can live equally well as a 
saprophyte. Hence, according to our present knowl- 
edge, the capacity to synthesize fusaric acid is re- 
stricted to a single family of the fungi but, within this 
family, does not characterize either a given genus or 
species nor a given type of pathogen. 

This wide range of formation of fusaric acid entails 
that in all the 6 named fungal species it must act with 
other metabolic products. Two examples, bakanaé 
disease of rice and wilt of tomato, will make this 
clearer. 

The interaction of toxins in Gibberella fujikuroi. 
This pathogen forms fusaric acid, dehydrofusaric acid, 
and 2 substances of the gibberellin group, namely, 
gibberellin A and gibberellic acid. The last 2 com- 
pounds possess the character of growth substances. 

Gibberellin A is a highly aromatic nitrogen-free 
compound with the empirical formula C,.H.0;. In 
contrast to the auxins, it induces almost no cell di- 
vision in the callus of Bryophyllum, does not sup- 
press the development of axillary buds in peas, does 
not induce epinasty in tomato shoots, and is inactive 
in the ordinary Avena and Pisum tests (78). In con- 
trast. it induces an elongation of the seedlings of 
germinating soybeans such that by the third day 
treated seedlings are approximately 2-4 cm longer 
than the controls. Further, their vitamin C content 
may show an excess of about one-fourth by the ninth 
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day (83, 84). In rice seedlings, gibberellin causes an 
elongation of the culms and leaves and later an in- 
crease in the dry weight (41, 83). Further, it stimu 
lates amylase activity in germinating grains of barley, 
wheat, and rice (40). 

Gibberellic acid, a derivative of gibberellin with 
the empirical formula C,,H..0O, (15), is formed main- 
ly by the strains of G. fujikuroi occurring in the rice 
plant (4). It possesses physiological characters simi- 
lar to those of gibberellin A but in more marked 
form: thus it causes lengthening of the internodes of 
many monocotyledons and dicotyledons and an_ in- 


crease of dry weight (3. 5. 6. 7 6. 57. 58) but inhibits 


root development (5, 6, 7) 

A mixture of gibberellic acid and of gibberellin A 
induces an elongation of internodes and the formation 
of flowers in Hyoscyamus niger L. (54.55) and in 2 


Bryophyllum species (8 


Thus, inside the rice plant. the action fields of 2 


different groups of substances overlap. First, there 
are the true toxins of the fusarie acid group, which 
produce divergent effects according to their concen- 
tration (for example. at low concentrations they in 
crease the water permeability of the protoplasts but 
reduce it at high concentrations (1. 2. 23. 26)). See- 
ond, there are the substances of the gibberellin group. 


which resemble growth substances, that also apparent 
ly injure the host tissues differently according to their 
concentration. Finally. the host also will influence this 
interplay of forces in that it will facilitate or inhibit 
the formation of one or another of these substances. 
according to its physiological status 

The varying interaction of these contrasting forces 
result in the labile and often contradictory course of 
the bakanaé disease: weak rice plants are arrested in 


their development and 


sometimes whereas 


perish, 
stronger individuals increase in size so that they stand 
out in the field because of their 
(bakanaé effect (24: Fig. 415 


The interaction of toxins in Fusarium lycopersici. 


greater height 


In this fungus the interplay of specific toxins is just as 
complex as in G. fujikuroi but perhaps less contradic- 
tory. Here, in addition to the fusaric acid and dehv- 
drofusaric acid, the pathogen forms ethylene. lyco- 
marasmin, vasinfuscarin, ethy] 
acid. 


aleohol, and = succinis 


Ethylene (C.H,). even at a concentration of about 
10-7 M, induces epinasty of the 


tomato plants; in stronger concentration, it causes a 


pe tiole s of young 


yellowing of the laminae (20 
In some ways lycomarasmin behaves similarly to 


fusaric acid and in some ways it differs. but the 2 


induce similar symptoms in ton 


ito plants (30) 
Vasinfuscarin has not yet been examined in detail. 
but it is a toxin of enzymatic character that causes 
browning of the vascular bundles (33). thus inducing 
symptoms like those evoked by the nonspecif poly- 
phenol oxidases (18, 19, 35, 79, 81) 
The probable role of ethyl aleohol has already been 


discussed; its significance as a predisponent to disease 
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is comparable with that of lycomarasmin and fusarie 
acid, at least at low concentrations such as are present 
at the start of pathogenesis. 

Succinic acid, in biological concentrations, does not 
by itself induce any symptoms in tomato shoots; if 
applied at the same time, however, it heightens the 
toxicity of fusaric acid but not that of lycomarasmin 
(29). 

Thus, in the case of F. lycopersici, the fusaric acid 
does not act alone on the host plant (as in our model 
experiments) but in conjunction with at least 5 or 
6 other toxins and accompanying substances. 

Phenocopies in tomato wilt.—The example of to- 
mato wilt teaches us that in complex summation effects 
a similar disease picture, a phenocopy, may come into 
being even if important single components are re- 
placed by other toxins. Thus, F. /ycopersici is absent 
from South India. yet a wilt disease of tomato plants 
occurs there that is practically identical to that caused 
by F. lycopersici. It is caused by other Fusaria, in- 
cluding F. lateritium Nees and F. 
Fautr. (69). 
lycomarasmin have not been detected in these 2 


scirpt Lamb. et 
Up to the present, fusaric acid and 


Fusaria; only enniatine A (amongst other yet unde- 
fined toxins) has been found (27, 32). 

Enniatines are phytotoxic polypeptides of specific 
configuration (cyclic tetrapeptoids). The enniatine 
A under discussion here has the empirical formula 
CogHgoOgNo and a molecular weight of 455 (61, 64, 
65, 66, 67, 68. 88); it is identical with lateritiin I (13, 
14). Enniatine A is extremely poisonous to tomato 
tissues: the threshold for obvious damage is at a con- 
centration of about 9.7 * 10-7 M (31). 

Macroscopically, enniatine A first affects the stems 
of tomato plants, and at a dosage of only 15 mg/kg 
fresh weight produces a necrosis of the vascular 
bundles and lethal streaking in the cortical tissues. 
The other toxins and accompanying substances of 
these 2 Fusaria are still unknown. What is important 
in the present connection is that in a complex of 
toxins, such as is produced by phytopathogenic 
Fusaria, single toxins can be replaced by others with- 
out this showing in pathogenesis. 

This low specificity of the summation effect is con- 
nected with the fact that a plant can respond to the 
toxins of a pathogen only within narrow limits; the 
more striking disease symptoms, such as the browning 
of vascular bundles or the necrosis of ground tissues, 
the stiffening of shoots or their wilt-collapse, are 
largely nonspecific and can be due to any number of 
causes. This condition, low specificity of response to 
stimulus, is well known in human medicine, e.g. non- 
specific pain and fever. 

The range of activity of fusaric acid.—The range of 
activity of fusarie acid is wide and nonspecific, corre- 
sponding to the biological diversity of the fungi that 
synthesize it. 

Among the bacteria, growth of Bacillus subtilis, 
Escherichia coli (Mig.) Cast., Bacillus megatherium 


d By.. and paratubercle bacilli is inhibited by a con- 
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centration of 10~* M and that of Streptococcus 
faecalis Andr. et Hor., Micrococcus pyogenes var. 
gureus, Pseudomonas aeruginosa, and Candida _ vul- 
garis Berch. by a concentration of 10~* M (28, 85). 

Among the green algae, Spirogyra nitida (Dillw.) 
Link and Haematococcus sp. are very sensitive to 
fusaric acid; the water permeability of the former 
is impaired by fusaric acid even at a concentration of 
5 x 10-§ M (2) 

Among the fungi, the LD.,, for the inhibition of the 
germination of chlamydospores of Ustilago zeae is 
about 1.5 & 10-4 M (48, 51). but the mycelial growth 
of Corticium vagum Berk. et Curt. is measurably in- 
hibited only by a fusaric acid concentration of 10 


M (70). 

Among the phanerogams, dozens of different species 
of monocotyledons and dicotyledons react to fusaric 
acid: up to the present. we know of no phanerogami 
test plant that is not injured by fusaric acid. 

There is, therefore, a marked incongruity between 
the range of activity of fusaric acid and the host 
range of the pathogens that form it: thus, F. lyco- 
persict normally attacks only tomato plants whereas 
one of its toxins, fusarie acid, injures higher plants 
of many species—plants never accessible to the fungus 
that produces it. The susceptibility or resistance of a 
host to the pathogen in question will. therefore. be 
determined by mechanisms other than its sensitivity o1 
power of resistance to the toxins of this pathogen. 

Within the wide phanerogamic host range, the sensi- 
tivity of the various host species to fusaric acid differs 
both quantitatively and qualitatively, although no gen- 
eralizations can yet be made. 


Table 2 gives for several host plants the quantities 
of fusaric acid needed to produce injuries of an in- 
tensity of 1.5 on a scale of 0 to 4, in which 0 indicates 
no injury and 4 indicates collapse of the plant. This 
injury threshold of 1.5 is termed the dosis minima. 
The method of assessment for tomato shoots will be 
described later; the scheme in question was adapted to 
the other hosts. Rye, maize, and peas react only mild- 
ly to fusaric acid: their dosis minima is about 1/10 
that of beans or rice. Cotton plants react most sensi- 
tively, their dosis minima being about 1/100 that of 


rye. maize. or peas. 


Taste 2.—The sensitivity of cuttings of various host species 


to fusaric acid (After Gaumann et al (28)) 


Dosis minima * 
Test plant mg kg fresh weight 


Rye, Secale cereale L. 1000-2000 
Maize, Zea mays L. 1000-2000 
Peas, Pisum sativum L. 1000-2000 


Beans, Phaseolus vulgaris L. 100—200 


Rice, Oryza sativa L. 100-200 
Tomato shoots, Lycopersicon esculentum 

Mill. 150 
Cotton, Gossypium herbaceum L. 10-20 


‘Minimum quantity that produces injuries of an inten- 
sity of 1.5 on a scale of 0 to 4, in which 0 indicates no in- 
jury and 4 indicates collapse of the plant. 
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Bi ll. Injury to a cotton seedling by fusaric acid. 
Toxin dosage 20 mg/kg fresh weight ‘(x1) (After 
Gaumann et al (28)). 


In addition to these quantitative degrees of toxin 
sensitivity, there also exist in the various host species 
considerable differences in the sensitivity of specif 
tissues, although these have not yet been worked out 
in detail. Thus. in young rye or rice plants the culm 
remains turgid after the administration of the dosis 
minima, and only the lowest leaf is injured. In con- 
trast, the lowest part of the culm is the most sensitive 
part of the maize plant. In young pea and bean plants, 
however, the stem and the leaves are equally affected. 
Both stem and petioles of cotton seedlings are severely 
injured, but the primary leaves are initially affected 
only along their veins (Fig. 11). 

These differences in symptom manifestation of 
fusaric acid injury allow one to surmise that not only 
are different amounts of fusaric acid required to 
evoke the same pathogenic effect in the various host 
species but also that the points ol attack of fusaric 
acid are differently situated in different host species 
and are therefore tissue specific to a certain extent. 

The scope of the range of activity of dehydrofusaric 
acid has not yet been thoroughly investigated, but it 
cannot be much less than that of fusaric acid. Like 
fusaric acid, dehydrofusaric acid injures tomato plants 
as well as the germinating chlamydospores of Ustilago 
zeae; in the leaves of tomato shoots its efficiency 
ceteris paribus is about that of pure fusaric acid, 
whereas in the stems of tomato shoots and in the 
Ustilago test it is only about one-half as efficient (75). 

If. therefore, a culture filtrate is examined by 
means of the Ustilago test to determine its content of 
fusaric acid and dehydrofusaric acid, the values in the 
dehydrofusaric acid sector are too low. Precise figures 
can be obtained in this case only by quantitative 
chemical determination 


[THE DETECTION OF FUSARIC ACID IN vivo.—lIn rela- 
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in the severely affected leaves than in those less af. 
fected, so that it may be concluded that some of these 
radioactive metabolic products are toxic to the host 
plants (50) 

The experiments in which labelled mycelium and 
the isotope dilution technique are used to demonstrate 
the presence of fusaric acid directly may give faulty 
results because of the low radioactivity of the extracts, 
But the the 


mvcelium 


demonstration is successful if tomato 


of F, 
lycopersict and are then maintained in an atmosphere 
the my- 
celium progressing through the host takes up so much 


plants are inoculated with ordinary 


of radioactive carbon dioxide. In this case. 


'4C that radioactive fusaric acid or a compound closely 
related to it can be detected in the infected plants 10 


davs after inoculation (49). 


Thus. it has been proved that fusaric acid is not 


merely an artifact of laboratory culture but that it is 


also formed in the host and therefore is a true “vivo- 
toxin. 

THE GROSS SYMPTOMS OF FUSARIC ACID INJURY IN 
TOMATO SHOOTS The gross symptoms of tusaric acid 


injury to be discussed here are, from the biological 


point of view. artifacts for 2 reasons. Firstly. fusaric 
acid under natural conditions never acts in isolation on 
the host but always in concert with other products of 
toxins. Secondly. we use 


magnitude of 10-3 M) 


other 
the 
those normally 


evoke a 


injury symptoms in tomato cuttings within 48 hours. 


metabolism and with 


toxin concentrations (of 


much higher than found in biological 


systems in order to drastic manifestation of 

In consequence, the symptoms of fusaric acid injury 
in tomato shoots des« ribed here are scarcely ever seen 
form in natural infections. 
the fact that. 


conditions. one can ascertain in 


in so marked a Their im- 


portance lies essentially in under such 


extreme which tissues 


and under what circumstances fusaric acid and dehy- 
drofusarie acid develop their pathogenic activity with- 
in tomato shoots. 

The symptoms of fusaric acid injury.—lt 


placed in a 107% M 


acid. symptoms of injury appear first in the stems and 


tomato 


cuttings are solution of fusaric 


after in the leaves 


In the 


stems, it is mainly the cortical tissues over 


the vascular bundles that are destroyed. and light 
gray-green sunken furrows appear on the stems and 
gradually spread to the petioles (Fig. 12). As previ- 
ously mentioned, this furrow formation on the stem 
and petioles is common to fusaric acid and patulin 
toxicity (24; Fig. 406, 407). Next. the petioles start 


to bend downwards (epinasty) in the 


Dimond and \W aggoner (20) 


same way as 
have described for ethyl- 


ene In contrast. the conducting strands in the 


Injury. 
stems and petioles are apparently uninjured and are 
not browned. 

With stronger concentrations, the whole stem tissue 
is weakened so that the stem becomes threadlike (Fig. 
11). This 
the 


hours 
intake. the 


as early as 4 
atter 


symptom may appear 


after intake of toxin: 48 hours 


development of symptoms is complete. 
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Fic. 12. Symptoms of fusaric acid injury on the stem of a 


tomato shoot 


With dehydrofusaric acid, the effects on the stems 
and petioles of tomato shoots are less marked than 
with fusaric acid; usually they appear as a shrivelling 
of all the tissues. 

In leaves of tomato shoots, the gross symptoms of 
fusaric acid poisoning appear somewhat later than 
on the stem. They are most abundant in the inter- 
veinal areas and appear as small, gray-green, sunken, 
transparent. usually irregular, necrotic spots strongly 
reminiscent of the syndrome of lycomarasmin injury 
(24; Fig. 402 


the whole length of the veins of the leaf. even before 


Infrequently, necrosis extends along 


the interveinal areas show any symptoms (28; Fig. 4 
Approximately 24 hours after toxin intake, the leaflets 
curl from both sides towards the middle and become 
limp and flaccid 

With dehydrofusaric acid, extensive yellow discolora 
tions appear along the veins, as happens only excep 
tionally with fusaric acid, and the leaf margins die 
Finally, as with fusaric acid, necrosis appears in the 
interveinal areas, and the whole plant becomes limp 
Sometimes the leaf blades become irregularly curled 

Both fusaric acid and dehydrofusaric acid exert, 
therefore. a tissue-specihe effect in tomato shoots In 
the stems. they both produce visible injury only to 
the cortical tissues and not to the conducting tissues; 
in the leaves. they both injure in a characteristic man- 
ner only definite parts of the ground tissue, so that 
a skilled observer can distinguish their syndrome from 
that of other toxins. 

The influence of toxin dosage on the velopment 


of symptoms lo what extent does the damage to 
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tomato shoots increase with increasing dosage of 
fusaric acid? To estimate the intensity of injury to 
stems, we use the following scale: Grade 1, softening 
and slight shrinkage around the cut end; Grade 2, 


the lower part of the stem (from the cut end to the 
insertion of the lowest leaf) more or less soft, col- 
lapsed and shrivelled, petioles uninjured; Grade 3, 
injury to the degree of Grade 2 on the petioles also, 
but only on their lower halves: Grade 4, stem and 
petioles soft for more than half their length, usually 
collapsed and shrivelled. For leaves, the scale is as 
follows: Grade 1], scattered, light, transparent, irregu- 
lar spots on the laminae; Grade 2, spots numerous and 
often merging, leaf margins dry and slightly rolled; 
Grade 3, spots as in Grade 2 but more marked, mar- 
gins more heavily rolled. leaf flaccid: Grade 4, the 
entire leaf completely wilted, dark green, and rolled. 

Table 3 shows the usual asymptotic course for the 
injuries of both stem and leaves. The dosis minima 
(by which an average injury rating of 1.5 will be pro- 
duced) is about 150 mg of toxin per kg of fresh 
weight; the sublethal dose (Grade 3 injury) is about 
300 mg toxin per kg of fresh weight 

The rapid increase in the rating for leaf symptoms 
from 1.7 to 2.8 when the toxin dosage is raised trom 
225 to 300 mg per kg of fresh weight cannot be at- 
tributed solely to the direct effect of the toxin but 
arises partly from damage to the stem. Thus, if the 
stem of a tomato shoot is severely injured by toxin 
(intensity higher than Grade 2). its function is im- 
paired or destroyed. In such cases, leaf damage has 
a dual origin: 1) direct injury to the leaves by the 
toxin itself and 2) indirect injury to the leaves result- 
ing from functional disturbance in the stem. 

The influence of the degree of dissociation of the 
fusaric acid molecule on its pathogenicity—What in- 
fluence on the toxicity of the fusaric acid molecule has 
the reaction of the tissue substrate in which it must 
act in vivo? In other words, can the tissue-specific 
action of fusaric acid mentioned above be explained 
in part by the differential acidities of these tissues? 

Pure fusaric acid has a pH of 4.3. The pH of the 
fusaric acid solutions were adjusted to the values 
shown in Table 4, and it was assumed that they would 
remain at these pH values inside the very slightly 
buffered vessels and cell walls of the ground and 


cortical tissues. Tomato cuttings were placed in the 
[4 , 4 Symptom production by life rent toxt dosages 
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H 


ptoms 
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acid molecules meet with less resistance. The end re. 
sult, the quantity of fusaric acid particles that succeed 
in passing from the cell walls. through the plasma 
membrane. and into the cells where they exert their 
specific action therefore depends upon their ability to 
enter the cell. This in turn is determined by dissocia- 
tion relationships. 

(At a reaction below pH 6.0, i.e. in a comparatively 
slightly dissociated state, a proportionately large num- 
ber of fusaric acid molecules move from the cell walls 
through the plasma membrane into the cell. Hence, 
they surmount the critical concentration threshold and 
cause obvious injuries in both the ground tissue and 
corte al cells ot the stem. whit h are more OI less 1S0- 


lated from the transpiration stream. 


Because of this consumption of fusaric acid by the 
stem tissues, a proportion of the available toxin that 
would otherwise have reached the leaves is utilized. 
In treating the tomato shoots with 150 mg per kg 
fresh weight, we are giving approximately only the 


osis minima. The toxin dosage needed to evoke 
marked symptoms of injury in tomato shoots within 
18 hours is, therefore. somewhere near the minimum. 
In consequence, the fusaric acid “demands” of the 
stem and of the leaves are in competition: the fusaris 
acid that is utilized in the ground tissue cells and 
cortical cells of the stem is not available for use in 
the leaves. Therefore if symptoms appear in the stem, 
there must be a certain suppression of symptoms in 
the leaves. Table 4 shows this to be the case. 

In contrast. this competition between stem and 
leaves does not take place if the tomato shoots are 


225 mg per kg of 


viven an excess of ftusaric acid, e.g 
fresh weight. Accordingly, the leaf symptoms are not 
influenced by the presence or absence of stem symp- 
toms but appear with equal severity throughout the 
entire pH range. 

This competition between the fusaric acid consump- 
tion of stem and leaves undoubtedly plays an im- 
portant role in vivo, where the amount of fusaric acid 
ivailable is much less than in our laboratory experi- 
ments 

(At reactions above pH 6.0. ie. in a state of high 
lissociation (over 50 per cent). only comparatively 
few fusaric acid molecules succeed in penetrating 
directly from the cell walls through the plasma mem- 
brane into the cell. Because of this slight consumption 
of fusaric acid by the stem tissues. only a relatively 
small amount of toxin is utilized and a corresponding- 
ly larger proportion is available for leaf activity. Thus 
it becomes understandable why injury to the foliage 
is clearly greater in the pH range in which stem 
symptoms are absent. 

No exact study has yet been made of the pH condi- 
tions inside young tomato shoots. but this has been 
done for Solanum dulcamara L. and Solanum tubero- 
sum L. (74). We must, therefore. draw our conclu- 
sions by analogy. 

In these 2 species of Solanum the pH in the various 
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central pith, 5.9; endodermis and cortical tissues, 5.6 
5.9; epidermis, 4.8-5.2 (sometimes 5.6); hairs, 4.8 
5.2 (sometimes over 6.2); and potato tubers, 6.2. 
These values might be expected to be approximately 
the same as for young tomato shoots. Hence, the 
ability of fusaric acid to enter the cell will differ 
markedly in the vessels and in the ground and cortical 
tissues of tomato shoots. 

Inside the vessels (pH 4.0—4.4), the fusaric acid can 
move essentially undissociated; this is favoured by 
the circumstance that the constituents of the xvlem 
walls are negatively charged, a condition that would 
accelerate the upward movement of fusaric acid mole- 
cules (see Charles (9) for data on penicillin, which 
is similarly acid). Fusaric acid is also correspondingly 
unhindered in its penetration of the cells of the vascu- 
lar bundle parenchyma. Thus it apparently finds its 
optimal conditions of activity in the vessels and in the 
vascular bundle parenchyma and produces there the 
maximum injury of which it is capable, although this 
damage is not as yet apparent to the eye. 

[his coincidence of the optimal pH for the activity 
of fusaric acid being within the actual pH range found 
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in the xylem must be decisive for the pathogenesis of 
tomato wilt. In the course of the disease, fusaric acid 
is the first toxin (besides ethylene) to surmount the 
threshold of permanent cell injury and so to prepare 
the way for other toxic substances (toxins and 
enzymes). Because it finds its conditions of optimal 
activity in the vascular bundles (even if it produces 
no visible injuries there), it is no accident that tomato 
wilt is primarily a vascular bundle disease. 

In the ground and cortical tissues of tomato shoots 
(about pH 6.0), almost 50 per cent of the fusaric acid 
molecules are dissociated; therefore, they permeate the 
tissue only with difficulty. 

It will at once be evident that these considerations 
regarding pH concern only some of the conditions de- 
termining the pathogenic activity of fusaric acid. In- 
side the host, matters are infinitely more complicated. 
We hope to return to these questions in a further 


paper on the mechanism of fusaric acid injury. 
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RELATION OF FUNGICIDE AND MITICIDE TREATMENTS TO 
WINTER INJURY AND SPRING BLACKSPOT DEVELOPMENT ON ROSES’ 


W. D. MeClellan =. Edgar A. 


Tavlor *, and Flovd F. Smith‘ 


SUMMARY 


In connection with field trials of 29 fungicide 
miticide dust combinations on 5 varieties of roses 
for the control of blackspot (caused by Diplocarpon 
rosae W olf } and ot spider mites f{ T« tranychus 
telarius L.), a close correlation was observed be 
tween blackspot control one year and early flower 
production the following year. The best blackspot 
control one year resulted in the best flower vield 
the beginning of the following season. The carry- 
over of the blackspot fungus on rose plants was 


least where fungicidal treatments against blackspot 


were effective the previous year and greatest where 
control was ineffective. In general, winter killing 
of rose canes was greatest in plots that had severe 
blac kspot the previous year. Greater differences in 
amount of winter killing between treatments was 
obtained with the Golden Masterpiece variety than 
with the Red Radiance variety: the former variety 
was readily defoliated by blackspot. There was 
evidence also that winter killing was less in plots 
that had good mite control the previous year than 


in plots where mite control was poor. 





In 1954, tests were initiated to determine compati- 
bilities of various fungicide-miticide combinations and 
their effectiveness on 5 varieties of roses in 120 field 
plots at Beltsville, Maryland. These and later tests on 
other plots and with the same or other varieties pro- 
vided much information on control of blackspot 
(caused by Diplocarpon rosae Wolf) and of two- 
spotted spider mite (Tetranychus telarius L.) (6.7.11) 
as well as on compatibilities of combinations (7.10). 
Flower vields were directly related to effectiveness of 


the control of blackspot and of spider mites. Also 
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the fungicide and miticide treatments made one year 
influenced winter killing of rose canes and blackspot 
development the following year. This relation of 
fungicide and miticide treatments to the overwinter- 
ing of the blackspot organism was reported briefly 
in an abstract (8). and the details about that, as well 
as the relation to winter injury, are reported here. 

MATERIALS AND METHODS.—The plot design and pro- 
cedures in these tests. described in detail previously 
(7.11). are outlined briefly here. The 5 varieties of 
roses used were Red Radiance, mite susceptible and 
blackspot tolerant: Golden Masterpiece and Chief 
Seattle. both blackspot susceptible and readily de- 
foliated by blackspot; Peace. blackspot tolerant; and 
Christopher Stone. mildew susceptible. Four plants 
of each of the first 3 varieties and 2 of each of the last 
2 were planted in each ot 120 plots in the spring of 
1954. Twenty-nine different fungicide-miticide dust 
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combinations were compared with an untreated check 


in each of 4 replicates. The fungicidal treatments 


used were 3.4 per cent copper from basic copper 
sulfate (Tennessee Copper 34); 3.4 per cent copper 
and 25 per cent sulfur; 7.6 per cent ferbam (ferric 
dimethyldithiocarbamate) and 25 per cent sulfur; 5 
per cent captan (\V-(trichloromethylthio) -4-cyclohex- 
ene-1,2-dicarboximide); and 1 per cent Karathane 


(2-(1-methylehpty!) -4,6-dinitrophenyl crotonate and 


isomers). which is ineffective against blackspot but was 
\ no-fungicide 


listed 


included for powdery mildew control 


treatment and the fungicidal treatments were 


used alone or in combination with each of 3 miticides: 
Aramite 
isopropyl-l-methylethyl 


(product containing 2-(p-tert- 
2-chloroethyl- 


(S-(1.2-dicarbethoxy- 


L5 per cent 

butyl phenoxy ) 
sulfite). 4 per 
ethyl) -O.0-dimethy! 


cent ovex ({ produc t contaiming p-« hloropheny! p-¢ hloro- 


cent malathion 


dithiophosphate), and 1.5. per- 


benzenesulfonate). Also, 25 per cent sulfur. 7.6 per- 


ethylenebis| di- 


cent ferbam, 6.5 per cent zineb (zine 

thiocarbamate |), and 5 per cent captan were each 
used in a mixture of Karathane and Aramite. In addi- 
tion, zineb was used alone and in combination with 


Aramite. Five per cent DDT (commercially available 


dichlorodipheny|-trichloroethane, — the con- 


principal 


stituent of which is 1.1.1-trichloro-2.2-bis { p-« hloro- 
) 


phenyl) ethane), and | per cent lindane (+y-1.2,3.4,5.6- 


hexachlorocyclohexane) were used in all dust mix- 
tures. Weekly dust applications were made during the 
growing seasons of 1954 and 1955, each plot receiving 
Kighteen applica- 


1955 


the same dust mixtures both years 
tions were made in 1954 and 
were begun both years either in late May or early June 


16 in \pplications 


and terminated at the end of September. Because of 
excessive rainfall. no applications were made during 
an 18-day period in August, 1955 

To ensure uniform infection, the plants were sprayed 
Diplocarpon during 2 
periods of wet weather in July, 1954 
rated visually for blackspot severity, and spider mite 


times during each 


suspensions ot spore - 


with 
The plots were 


counts were made several growing 


season (7). The blackspot ratings made in September, 


1954, were made prior to the final dust treatment of 
the 1954 season. and those made in June. 1955. were 
made too soon to be affected by dust treatments. 


Yield data were obtained by cutting the roses twice 
weight of 


Winter 


percentage 


each week and recording the number and 


flowers of each variety and in each treatment 
estimating the 


in each plot in March 


killing was determined by 
of dead wood in each variety 
1955. and June. 1956 


there 


Resutts.—During the 2 years of tests, were 
marked differences in yields of plants treated with 
different dust mixtures: these yield differences. in both 
number and weight of flowers. were attributed to dif- 


blackspot and of spider 
blackspot 
imount ol blackspot that 


developed at the beginning of the following 


Maste rpiece 


ferences in the control of 


mites (7. 11). Furthermore control one 


season was reflected in the 
season. 
roses are 


The results with Golden given 
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TaBLe 1.—Blackspot severity on Golden Masterpiece roses 
September, 1954, and June, 1955, as affected by 
fungicidal treatments in 1954 


Blackspot severity * 
June, 1955 ' 


Fungicidal treatment September, 1954 


None 83.4 54.7 
Karathane $4.5 54.1 
Copper 86.1 40.6 
Captan 69.8 35.6 
Sulfur-ferbam 14.2 27.2 
Sulfur-copper 40.3 31.8 
Zineb 41.9 25.0 
LSD at odds of 19:1 6.6 15.0 


“Based on a_ relative scale, with maximum blackspot 


100 and none 0. 
"The 1955 dust applications were begun May 24, too late 
to affect these ratings. 


in Table 1. Plants treated with copper, Karathane, 
or no fungicide during 1954 were severely affected by 
blackspot by September, whereas plots receiving zineb, 
sulfur-copper, or sulfur-ferbam were only moderately 
affected, and those receiving captan were intermedi- 
ately affected. In 1955, treatments were begun in early 
June; thus, blackspot appearing on the plants in June 
reflected the previous year’s treatment. More black- 
spot was present in the plots treated with Karathane 
or no fungicide, than was present in other plots. 
Plots treated with zineb, sulfur plus copper, captan, 
and sulfur plus ferbam had significently less blackspot 
than did plots receiving no fungicide or Karathane. 
Plots dusted with copper tended to have less black- 
spot than did those not treated. Similar results were 
obtained with Chief Seattle and Red Radiance roses, 
but the 
great with the last 
Stone roses were not rated for blackspot severity. 


differences between treatments were not so 


variety. Peace and Christopher 

Flower production by Golden Masterpiece roses in 
May 1955, reflected the 1954 treat- 
ments (Table 2). Fewer flowers with less weight were 
produced in plots on which Karathane, copper, or no 
fungicide was used the previous year than in plots 


and June. also 


where sulfur plus copper, sulfur plus ferbam, or zineb 


2..-Yield of Golden Masterpiece roses in May and 
June, 1955, following fungicide treatments in 1954* 


ABLE 


Weight per flower 


(grams) 


Total weight 
ot flow ers 


Number of 


Fungicidal flowers 


treatment (kilograms) May June 
None 192 9.1 11.3 9.8 
Karathane 151 1.6 Li 9.4 
oppe! 519 2.7 12.1 10.0 
aptan 818 9.5 12.2 11.0 
Sulfur-ferbam 132 15.1 11.9 10.9 
Sulfur-copper 1479 17.2 11.7 11.3 
Zineb 1323 17.0 12.6 10.7 
LSD at odds of 

19:] 160 1.9 


The 1955 dust applications were begun May 24, too late 
to affect these numbers and weights. 


Not included in the statistical analyses. 
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June, 1957 MC CLELLAN ET AL: BLACKSP( 


TABLE 3. 
degrees ot blackspot control 


Fungicidal treatment during Blackspot rating* Woo 
1954 and 1955 growing seasons (September, 1954) 


None 83.4 
Karathane 84.5 
Copper 86.1 
Captan 69.8 
Sulfur-ferbam 14.2 
Sulfur-copper 10.3 
Zineb 11.9 
LSD at odds of 19:1 6.6 


‘Based on a relative scale with maximum blackspot 


was used. Flower production in the captan-treated 
plots was intermediate; statistically, the yields were 
significantly better than those of the no-fungicide or 
the Karathane plots. The total weight of flowers 
harvested was related to treatment and to blackspot 
control. Surprisingly, the average weight per flower 
in May was about the same regardless of treatment, 
whereas in June the average weight was related to 
treatment. 

Severe winter killing occurred during both winters 
of the tests. and a large percentage of wood was killed 
back by the cold. This killing may have been accen- 
tuated by the heavy sawdust mulch used in the plots, 
as John L. Creech (unpublished information) has 
demonstrated that azaleas mulched in late fall are more 
subject to winter injury than those not mulched. The 
5 rose varieties in these plots varied considerably in 
susceptibility to winter injury. In the spring of 195 
83.2 per cent of the wood of Christopher Stone, 72. 
per cent of that of Chief Seattle, 48.2 per cent of that 
of Golden Masterpiece, 44.2 per cent of that of Red 
Radiance, and 24.4 per cent of that of Peace was win- 
ter killed. 


In our tests, the amount of winter killing was re- 


<3 
‘ 


lated to the previous year’s treatment and to the degree 
of blackspot control obtained (Tables 3, 4, 5). In 
1955 and 1956, the greatest amount of winter killing 
of Golden Masterpiece rose plants was found in plots 
with the highest blackspot rating the previous year 
(Table 3). Untreated Golden Masterpiece roses were 
injured more severely than untreated Red Radiance. 
particularly in the spring of 1955, but Golden Master- 
piece treated with sulfur plus ferbam. sulfur plus 


TABLE 4. 


Fungicidal treatment 


(1954) None Aramite 
None 86.8 70.7 
Karathane 87. 67.8 
Copper 72.5 62.6 
Captan 53.6 16.0 
Sulfur-ferbam 15.0 34.3 
Sulfur-copper 41.6 34.0 
Average 64.4 52.6 


varieties, 


‘Each value based on 4 replicates and 


yT 


100 
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Winter killing of Golden Masterpiece roses following treatment with different fungicides that gave various 


winter killed Blackspot rating * Wood winter killed 
(March, 1955) (July, 1955) (1956) 
a / % 
84.2 69.5 77.1 
82.5 64.2 63.5 
72.1 17.5 410.5 
12.1 55.4 35.3 
14.2 33.6 30.0 
15.0 10.4 41.8 
16.3 32.3 33.6 
8.0 
and none 0 


copper, or zineb had less winter killing than did Red 
Radiance treated with the same materials. These dif- 
ferences were still evident, but they were not so strik- 
ing in 1956. This finding indicates that Golden Master- 
piece roses would be more resistant to winter injury 
than would Red Radiance roses if blackspot were not 
a factor. Winter killing in 1956 in the captan-treated 
plots was down to the level of that in the plots that 
had received the better fungicidal treatments, even 
though blackspot control with captan was only mod- 
erately effective in 1955. Of interest is the smaller 
amount of winter killing in 1956 than in 1955 when 
copper alone was used. Also, there was less blackspot 
on plants in these plots, as indicated by blackspot rat- 
ings made June 27, 1955. In contrast, blackspot con- 
trol was poor in the copper-treated plots in 1954, and 
winter killing was severe in these plots in the spring 
of 1955. A possible explanation for the poor control of 
blackspot in 1954 is that 65 per cent sulfur dust was 
substituted for the copper dust in September, 1954, 
to avoid copper phytotoxicity during the cool fall 
weather. This substitution was not made in September, 
1955. 

There appeared to be some relation between mite 
control and winter killing (Table 4), but because of 
the variability in spider mite counts and in winter 
injury this relation could not be established statisti- 
cally. Best mite control was obtained with Aramite 
and least with ovex. The greatest amount of winter 
killing occurred in plots where neither a fungicide 
or a miticide was used. Least winter killing occurred 
in plots where control of both blackspot and mites was 


good. 


Winter killing of 5 varieties of roses treated with various combinations of fungicides and miticides 


Percentage of wood killed (March, 1955) in plots treated in 1954 with indicated miticide * 


Ovex Malathion Average 
74.0 72. 75.8 
69.5 70.8 73.8 
74.5 67.8 69.4 
Sy 61.3 53.1 
34.3 36.0 37.4 
31.3 12.6 37.4 
95.8 98.4 
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Tasie 5.—-Number of live nes re ning in April. 1955. 
after pruning out winte re anes. of Red Radi 
ance and Golden Masterpiece roses given differer 
} f 


fungicide and miti e tre ments in 1954 


Treatment received 
during the 1954 \verage nu el ive canes per pio 


growing season Red Radiance Golden Masterpiece 


Fungicides 


None 

Karathane 

Copper | 04 

(aptan 1.6 

Sulfur-ferbam 8.4 

Sulfur-copper 

LSD at odds ot 

19:] | | 

Miticides 

None { AS) 

Ovex a } 

Malathion 9 

\ramite 

LSD at odds ot 

19:] 

"The differences betw i = 
the F test 

On March 26. 1955. after winter-injury ratings were 
made. a very severe late-season freeze occurred. Al 
though all plants had been pruned prior to this freeze 
it became necessary to reprune. The average numbers 
of good canes remaining are given in Table 5 (vain 
more canes survived in plots treated previously with 
an effective fungicide than in t where control was 
not obtained, and differences coreatest in the va 


riety Golden Masterpiece. More canes survived in 
\ramite-treated plots tha: 
Many plants falied to 


freeze, and counts of dead plants June 17 


miticide 
survive this late 


revealed that 


mn hose where a 


was not used. 


only 1 of 480 Golden Masterpiece nts and 3 of Red 
Radiance died. whereas ove! U cent of the Chiet 
Seattle plants and 4.6 per cent of the Peace and 


to survive 


Christopher Stone plants faile 


DISCUSSION. MeClellar ) stated that “blackspot 
remains the outstanding disease of roses and. because 
of the defoliation it produces, it is apparently indi 
rectly responsible for much of 1 winter injury, 
canker, dieback and general lack of vigor in roses.” 
Lyle (3) also reported that the loss of foliage due to 
blackspot resulted in weakened es, dieback. low 
grade bushes for market. and Or rowth or survival 
of the plants following transpl ting He also stated 
(4) that defoliation by blackspot reduces flower pro 
duction and increases susceptibility to winter killing 
and that severe infection decreases cane size of bushes 


and size of blooms. lightens flowe1 


diminishes number 


color, and decreases fragrance Carrier (] reported 
that complete defoliation of Frau Karl Druschki roses 
decreased their hardiness ind that defoliation in 
August decreased hardiness more than did defoliation 
in September. Defoliation by the blackspot fungus 


also lowers the vigor 
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Ratzek demonstrated 


that removing leaves by hand induces dieback. 


it to attacks by other fungi. (9) 


which 


») 


Lyle and Massey (2) 


presumably is due to Diplodia. 
concluded that the Diplodia type of dieback is not a 
specific disease of roses but is a secondary develop- 
ment resulting from factors. such as blackspot, that 
lower the vigor of the plant. 

Our that black- 


spot results in lowered vigo! and production ot roses 


experimental results demonstrate 


and that the reduced vigor makes them susceptible to 


winter Differences in flower vield and in 


winter killing due to differences in blackspot control 


Injury. 


were less for the variety Red Radiance. which was not 
readily defoliated by blackspot infection. than for the 
de- 


foliated by blackspot. Spider mites also reduce vigor 


variety Golden Masterpiece. which was severely 


of mite-susceptible varieties and thus make them more 


vulnerable to winter injury. Canker development fol- 


lows winter injury closely. 
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EFFECTS OF X RAYS ON THE GERMINATION OF CONIDIA OF THE 
OAK WILT FUNGUS! 


Bert M. Zuckerman * 


SUMMARY 


Dosages of medium-hard X rays that inhibited 
secondary spore formation by conidia of the oak 
wilt fungus Endoconidiophora fagacearum Bretz 
did not affect the formation of germ tubes. At 
certain higher dosages, abortive knob-like germ 
tubes developed from conidia and then ceased 


growing. This phenomenon indicates a high degree 
of interference with growth. As X-ray dosages 
increased. the number of conidia that germinated 
decreased and the time interval prior to germina- 


tion and secondary spore formation increased 





Considerable research has been expended in the 
study of the effects of ionizing radiations upon bi- 
ological systems. As far back as 1917, Levin and 
Levine (3) conducted tests which indicated that 
ionizing radiations might play a part in the therapy 
of plant diseases. Work by Rivera (4) in 1926 con- 
firmed these results. Waggoner and Dimond (8), 
Anderson and Hart (1), and others have reported 
on attempts at plant disease therapy by ionizing radi- 
ations. This paper deals with 1 facet of a research 
into possible effects of ionizing radiations upon the 
host-parasite relationship in oak wilt, specifically, the 
effects of medium-hard X rays upon the germination 
of the spores of the oak wilt fungus, Endoconidiophora 
fagacearum Bretz, in vitro. 

LITERATURE REVIEW.—X-radiation had little effect 
upon the germination of ascospores of Chaetomium 
in experiments reported by Dickson (2): however. 
he noted that when single germinated spores were 
irradiated. some grew for a short time and then sud- 
denly ceased development. Uber and Goddard (7) 
reported similar results when ungerminated spores 
of Neurospora were irradiated. They also noted that 
the time interval prior to germination of the spores 
increased as dosage was increased. Schmitt (6) ob- 
served the same phenomenon when sporidia of 
Ustilago zeae were subjected to irradiation by mono- 
chromatic ultraviolet light. Rodenhiser and Max- 
well (5). reporting on the effects of X-radiation on 
the germination of Ustilago hordei, stated that as 
much as 80 per cent germination was obtained from 
chlamydospores irradiated at 300 kr (kiloroentgens), 
but development ceased after formation of the pro- 
mycelium. 

MATERIALS AND METHODS.—Cultures derived from 
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a single spore of E. fagacearum were used in these 
studies. Prior to irradiation, all cultures were kept 
on potato-dextrose agar at 23°C for 5-7 days. A spore 
suspension was made in sterile distilled water, and 
droplets of this suspension were aseptically trans- 
ferred, several hours prior to irradiation, to standard 
petri plates that contained 10 ml of water agar. The 
suspensions were adjusted to a concentration such 
that 15-25 spores could be viewed in 1 field under 
130 diameters magnification. Previous tests indicated 
that this concentration of spores would allow for 
good germination. The area that contained the spores 
was defined by drawing a circle on the underside of 
each plate with a marking pencil. During irradi- 
ation. a section of Masonite Prestwood, 4 in. thick- 
ness, was placed over the culture. Despite periods of 
up to 60 minutes within the X-ray machine, contami- 
nation of the plates was negligible. 

Spore suspensions were placed within a circular 
area of \-in. diameter in order to preclude significant 
error due to variation in dosage received between the 
outermost spores and those located centrally in the 
droplet. The droplets were dispersed to form a 
thin film over the agar, so that all spores were con- 
sidered as being in 1 plane. Cultures were irradiated 
singly so that each culture occupied, in turn, the same 
spot on the platform within the X-ray unit as the 
other spore suspensions. Each spore suspension was 
in approximately the same plane in relation to the 
X-ray beam. since each plate contained the same 
quantity of media. 

\ Hayes X-ray Unit. Model 70. was used as the 
source for the X rays. The design of the cooling 
system of this unit permitted continuous irradiation. 
Dosimetry readings were calculated by use of a 
Victoreen lonization Chamber. Determinations were 
made 46 mm from the tube. with the Prestwood inter- 
posed between the tube and the dosimeter, this being 
the distance from the tube at which all suspensions 
were maintained during irradiation. Dosimetry read- 
ings indicated that spores received 6 kr(kiloroent- 
gens) /minute. This figure was considered to have a 
validity of 10 per cent. A tube current of 25 milli- 
amperes and a tube voltage of 180 kilovolts were 
maintained throughout irradiation. 

Control plates and petri plates that contained 
irradiated spores were incubated at 23°C during the 
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period of observation of irradiation effects. Counts 


of 200 spores on plates representing each irradiation 


level were made daily for 9 consecutive days follow- 


ing irradiation. At lower dosage levels and in the 
controls, where normal or neat normal germination 
occurred, the formation of numerous secondary spores 
necessitated discontinuation of counting days after 
irradiation. The term secondary spores, in this in 
stance, refers to spores formed from a 1- or 2-celled 


mycelium that normally follows germination of conidia 


of E. 


formed 


were 


the 


set ondary 


following 


fagac earum These spores 


within 36 hours germination of 


untreated conidium under the conditions of this ex 


periment. 


An exploratory run was made in the Hayes X-ray 
Uniti, in which dosages up to 500 kr were attained 
On the basis of the results obtained in this run. the 
LD, and the maximum sublethal dosage of X rays to 
the conidia were approximated. Three additional runs 
TaBLe 1.—-Germinatior Endo idiophe 

fagacearum atter ex arious levels «¢ \ 
radiation 
Percentage germinat it the en indi 
Dosage cated time pe in hours) after 
levels i itlol 
(kr) ih 60 } YY 12 
0 70.5 90) 
5 68.0 ; 

10 60.0 84 

5 65.0 RH. 

20 50.0 66.5 

25 12.0 12. 

0 115 5 ) 

5 8.0 9 ) 10 

Ww 15 6.0 12.0 17.0 

15 1.0 4.0 lO 2.0 

0 6.0 f f 12.0 1] 

55 LO Lo) ( Q { 

60 1.0 5 

65 1.0 { { { 

70 25 ( 

79 Lo 0 ( 0 

80 1.0 | | 

85 2.0 ) 

90 0.5 () 

95 0.0 { 1. 

100 0.0 lf 

105 0.0 (0) ) 

110 0.0 ( 0) 1.0 

115 0.0 ( (( 

120 0.0 (0.( 

125 0.0 ( Ot () 

130 0.0 0) 

135 0.0 0. ( 

140 0.0 O35 o> 

145 0.0 ( oo { 

150 0.0 () () 

160 0.0 ( oOo ie 

170 0.0 ) a0 

180 0.0 

190 0.0 , ( 

200 0.0 ) () ( a0 

*A total of 200 spores 1 t ea losage level at 
each time period. Where a da rs. secondary spores 


were numerous, thereby making int possibl 
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were made, the first two each representing 11 dosages 
from 0 to 200 kr and from 0 to 190 kr, respectively. 
The results of the third run, representing 36 dosage 
levels from 0 to 200 kr, approximated those of the 


preceding tests; therefore only the results of the 
third run are reported. 
Resu_ts.—Germination of conidia of the oak wilt 


fungus after exposure to X rays is recorded in Table 


1. Secondary spores were produced by germinated 
conidia after having been exposed to dosages up to 
50 kr. At the 50-kr dosage level, 13 spores of the 200 
counted had germinated at 84 hours following irradi- 
secondary 


however, only 1 produced 


\fter exposure to 40 kr, 2 of the 12 spores 


ation: spore 
conidia. 
that had germinated at 60 hours produced secondary 
conidia, and 8 of the 17 spores that had germinated 
at 84 hours produced secondary conidia. The percent- 
that 
conidia decreased sharply at 

1A). At dosages of 20 kr and less, secondary 
spores were produced by 36 (Fig. 2.A). At 
dosages above 20 kr, the higher the dosage, the longer 


of germinated spores produced secondary 


age 
dosages above 20 kr 
(Fig. 
hours 
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untreated spores germinated at 84 hours is considered 100 
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Beginning of secondary spore production in 
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ZUCKERMAN: GERMINATION OF X-RAYED CONIDIA 





> oO / ynidiophora tagacearum after 
\{) Germinated conidia in a control culture of Endoce io} 


1 prolific (approximately B) Conidium, photographed 8 days following irradia- 
ot secondary spores is pro ( appro 


s le germ tube (approximately 
level, exhibiting terile germ PI 
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DOSAGE r 
Fic. 3. Ranges of X-ra 3 tha I germinat 
ing spores of Endoconi / agacearum produced set 
ondary spores, sterile get nob-like projections 
from the spores 

was the delay in the inception of germination and in 

secondary spore tormation Fig. 1.B 

At dosages of 50-80 many conidia tormed 
abortive germ tubes. These germ tubes were some 
times 2-30 times the lengths of the spores but more 
commonly were 2-6 times lengths of the spores 
(Fig. 2.B). After a shor iod of elongation. these 
germ tubes stopped developing and did not produce 
secondary conidia 

At dosage levels of 50-110 ki iny spores formed 
short knob-like projections d then ceased develop 

ment. The knob-like forn s frequently were a 

companied by a swelling of 1 of the spore The 

formation of these knobs bes e less frequent as the 
dosage increased to 110 kr. when the predominating 
effect was total lethality: however. knobs formed on 

6 spores exposed to X-ray de ges as high as 140 kr 

These conidia were examine t intervals up to 216 

hours following irradiation d it was noted that 

they had not resumed growt it that time 

The relation of the forn m of secondary spores 
sterile germ tubes. and knol ke projections to dosage 
is illustrated in Figure This figure does not indi 
cate the Irequency at which these tormations occur 
but depicts the range throughout which each was 
observed (the occurrence 1 knob-like projections 
on 6 conidia at dosages than 110 kr is not indi- 
cated in this figure 

The LD if interprets e dosage at which 
90 per cent of the conidia had not germinated at 36 
hours, ranged from approx ly 16 to 17 kr in the 3 
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tests If the LD were interpreted as the dosage 


at which 50 per cent of the spores failed to germinate 


at 120 hours, the range would be 18 to 19 kr. Spores 
that had not germinated by 120 hours usually failed 
to germinate subsequently. 


Slight fluctuations in spore germination figures at 


some time levels in Table 1 were attributed to the 
counting of different spores at each time level. For 
example, at the 70-kr dosage level, 2.5 per cent of the 
spores were recorded as having germinated at the 


6-hour time level and 2.0 per cent as having germi- 
nated at the 60-hour time level. 
Untreated 


DISCUSSION. conidia of E. fagacearum 


germinated and formed secondary conidia within 36 
hours under the conditions of the experiment. As 
X-ray dosages increased, the time interval prior to 


germination and secondary spore production increased 
number of conidia that germinated decreased. 


(2.6, 


and the 
These results agree with those of other workers 


At still the 


underwent a period of inactivity, then functioned for 


ris higher dosages, growth processes 


a short period of time, and then suffered a relapse. 
Uber Goddard 
germ-tube formation 


7), after observing abortive 
of the this 
paper, suggested that this growth might be attributed 


to be regarded 


and (7 


type described in 


a chemical response and might not 


as growth in the ordinary sense. In the experiments 
reported in this paper, abortive germ tubes formed 
from irradiated conidia of E. fagacearum were devoid 
of cytoplasmic content. This observation would not 
sustain the conclusion that the cytoplasm had not in- 
creased in quantity as the germ tube elongated, but 
it was noted that the germ tubes that emanated from 
untreated conidia contained cytoplasm. 


Maxwell 
that 


this 
“delayed 


obsery ed 


called 


5 } 


it 


and { phe- 


Rodenhiser 


nomenon and proposed be 


killing.” This term presupposes that the spores were 
living when germination occurred, but died following 


germination under the influence of a delayed lethal 


factor. 
lt is hoped that future studies of the biochemical 
changes that take place within a conidium under the 


impetus of ionizing stimuli will resolve the problem 


of this “ephemeral growth” phenomenon. 
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EFFECTS OF GENETIC SEGREGATION IN PHASEOLUS VULGARIS ON 
THE SYMPTOMS INDUCED BY BEAN YELLOW MOSAIC VIRUS! 


James R. Baggett * 


SUMMARY 


\ genetically variable population of bean plants 
inoculated with a pod-distorting strain of bean 
vellow mosaic virus showed a wide range of symp- 
tom expressions. Symptoms expressed by Fs prog- 
eny types from a cross between resistant Great 


Northern U. 1. 31 and susceptible O.S.C. 21 (Blue 
Lake) included those of each parent, as well as a 
wide range of extreme and intermediate types 


differing in form as well as severity. 





\ttempts to classify virus strains often stress symp- 
tom expression in standard plant materials. It is 
evident. however, that the individual plant genotype 
is important in the host-virus interaction. Variability 
within plant groups may thus affect the results of 
host-range studies and create confusion in the field 
of virus research. This paper demonstrates that the 
symptoms induced by a single strain of bean yellow 
mosaic virus (BYMV) may differ widely because 
of genetic segregation resulting from hybridization 
of 2 varieties within the same plant species. 

Since 1952. studies have been made at Oregon State 
College on the inheritance of resistance to BYMV in 


the garden bean. Phaseolus vulgaris L. When a 
population of F, families from a cross of Great North- 
ern U.I. 31 & O.S.C. 21 (Blue Lake) was inoculated 


with a single pod-distorting strain of this virus, there 
was a wide range of symptom form and severity in a 
uniform environment. Many groups of F, families 
were inoculated, but the present report deals only 
with a single group tested at 1 time under the same 
greenhouse conditions. The results of the correspond- 
ing inheritance studies will be published elsewhere. 

MATERIALS AND METHODS.—The virus strain.—The 
strain of BYMV used was isolated from Blue Lake 
beans in the Williamette Valley of Oregon and desig- 
nated as the Y strain. In addition to the usual mottle, 
stunting. necrosis, and epinasty, this strain character- 
istically causes pod distortion in susceptible varieties 
such as Blue Lake. All tests for seed transmission 
have been negative. Bean common mosaic virus estab- 
lished in F. M. 65 Blue Lake beans completely pro- 
tected against the Y strain. Thermal inactivation in 
vitro occurs at about 60°C, 

The Y strain has been tested on more than 100 
varieties of beans. Of these, Great Northern U.I. 16 
and U.I. 31 have shown strong resistance, and possible 
degrees of resistance have been observed in Puregold, 
High Bush Logan, U.S.D.A. B-1387 (Vegetable Breed- 
ing Lab.. Charleston. S.C.), and several foreign vari- 
eties, 

In limited tests on species other than Phaseolus 
vulgaris, this strain has been transferred to Vicia 


faba L. T. hybridum L.. 


Trifolium incarnatum L.. 


Accepted for publication January 23, 1957. 
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Velilotus officinalis (L.) Lam., and Pisum sativum 
L. (var. Thomas Laxton, Freezonian, and Rocket). 
No infections were observed in Glycine max (L.) 
M.. Vicia villosa Roth., Trifolium pratense L., T. 
subterraneum L.. T. repens L.. Melilotus alba Desr.. 
or Pisum sativum L. (var. W. R. Perfection, Alaska, 
Little Marvel, and Surprise). 

Bean varieties and definition of resistance.—The 
Great Northern U.1. 31 field bean, developed in Idaho 
for resistance to curly top and bean common mosaic 
viruses,’ was used as the resistant parent. When 
inoculated with the Y strain, this variety developed 
necrotic local lesions on the inoculated leaves, 
followed by spreading vein necrosis that often event- 
ually covered most of the blade (Fig. 1). No other 
symptoms occurred when the plants were inoculated 
by rubbing in the presence of abrasive. When young 
plants were approach-grafted to systemically infected 
plants of another variety, a small percentage de- 
veloped several patches of vein necrosis in the upper 
leaves, from which the virus was recovered. A _ resist- 
ant variety is thus defined as one in which no systemic 
symptoms occur when inoculated by rubbing. 

The susceptible parent, O.S.C. 21, a uniform- 
breeding line selected from the F.M.-1 strain of 
Blue Lake, developed a severe systemic infection when 
inoculated by rubbing (Fig. 3). Necrosis of inocu- 
lated leaves was slight or absent. 

Procedures.—Seeds of 267 F’. 


in greenhouse groundbeds on March 28, 1955. Two 


families were planted 


randomly distributed plots of 5 plants each were 
grown for each family, whereas each parent was 
grown in 4 randomly distributed plots. Plants in the 
early primary-leaf stage were dusted lightly with 
100-mesh silicon carbide powder and rubbed with a 
1:5 dilution of juice from young infected leaves. 

The weather was intermittently cloudy and sunny 
during the test period. Night temperatures ranged 
from 60° to 65°F, daytime temperatures from 70° to 
85°F. 

The families were classified according to type and 
severity of symptoms 75 days after inoculation, when 
most plants had pods of medium maturity. 

Resutts.—The various symptoms that were ob- 
served alone or in combination in the tested families 
are classified below according to their type and the 


‘Hungerford, C. W. 1952. Disease resistant field beans 
for Idaho. Idaho Agr. Expt. Sta. Cir. 118, 11 p. 
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BAGGETT: GENETIC SEGREGATION AND 


June, 1957 


part of the plant affected. 


I. Inoculated leaf symptoms (Fig. | ’ 
4. Discrete necrotic local lesions 
B. Vein necrosis 


from discrete lesions or occurring alone in vary- 


either as net necrosis spreading 


ing degrees 
Systemi 


A. Nec roti 


Il. 


symptoms 


l. Pod necrosis severe red necrotk areas in 
combination with pod distortion (Fig. 5) 

2. Discrete necrotic lesions—often appearing as 
an early symptom on upper nonmottled leaves 
or as necrotic flecks on mottled leaves 

3. Vein necrosis—as spreading areas from dis- 
crete lesions or appearing in patches or 
generally over the surface of upper leaves 
(Fig. 4) 

$. Stem necrosis—occurring at any stage of 
development and ranging in severity from a 
chronic mild condition to death of the 
terminal or of the entire upper part of the 


SYMPTOMS OF BEAN YELLOW MOSAI 367 


The 
and combinations and at different stages of plant de- 
F. 


to produce uniform symptoms, although 


above symptoms appeared in many degrees 


velopment. Individual families tended strongly 
genetically 
segregating families included plants of different symp- 
tom For simplicity, the families were classi- 
fed 8 
to the combination of symptoms that occurred (Table 


types. 


somewhat arbitrarily into classes, according 


In Table 1, systemic mottles are divided into 3 
categories: 1) extremely severe, 2) severe, and 3) 
mild. Plants with the extremely severe type (Fig. 
6. 7) were strikingly dwirfed and distorted, leaf 
diameter was less than 1/5 of normal, and plant 
height was less than 1/10 of normal. Plants in the 


intermediate class. Class 2, were moderately to severely 
dwarfed and showed considerable In 


mildly mottled plants, Class 3, distortion was slight 


leaf distortion. 


or absent. and leaf size was normal or nearly so. 
Pod distortion was common in Classes 1 and 2 and 


plant present in some families of Class 3 but many severely 
B. Nonnecroti« mottled plants did not show distinct pod distortion. 
l. Systemic mottle—typical mosaic symptoms, Plants in Classes 5 and 6 varied with respect to sys- 
with degrees of leaf distortion and plant temic mottles (upon which the severe necrotic reac- 
stunting ranging from very mild to extremely tions were superimposed ). 
severe, with or without pod distortion (Fig. 2. There was no strong relationship apparent between 
3. 6) severity of mottle and the type of symptoms on inocu- 
2. Pod distortion—ranging from very slight to lated leaves. although in Class 5 through 8 there was 
severe roughening and twisting (Fig. 5. 6) a tendency for the production of discrete necrotic 
- Tasre | {1 classification of Fs families of O =f... Se G.N. 31 based on type and severity of symptoms following 
mechanical inoculation with bean yellou mosaic Virus 
- Class based on severity of systemi No. plants No. plants in class with No. of plants with indicated ex- 
symptoms in class (+) and without ( } tent or type of necrosis on inoecu- 
Class Symptom systemic necrosis lated leaves 
no. type Slight or Net Distinct 
absent necrosis lesions 
Extremely severe mottle 19 QO (+) 
19 (—) 13 } 2 
2 Severe mottle 144 }12 (+) 10 ) 2 
132 | ) 120 7 7 
) Mild mottle 61 g2 (+) 29 0 } 
29 (..) 28 0 ] 
} Severe and mild mottle—segregat gy 22 (+) 2] ] U 
ing 7 { ) 7 0 0) 
> Lethal systemic necrosis 6 6 (+) 0 } 
6 Late general necrosis 6 6 | ) ) 0 } 
7 Light svstemic vein necrosis only ] 1} (+) 0 0 l 
8 No systemic symptoms j 1 (—) 0 5 
Totals 270 79 (+) 6 ] 12 
19] ¢ ) 169 1] 1] 
Mottling in Class 1 more severe than that shown by O.S.C. 21. the susceptible parent: mottling in Class 2 typical 
I | } 
ot that shown bv the susce ptible pare nt. & \ 1. the resistant pare nt. pro luces no symptoms nen me hani ally inoc u 
lated. 
a 
Fic. 1-6. Symptoms induced by the Y strain of bean yellow mosaic virus on beans.-Fig. 1. Necrotic lesions on an 
inoculated leaf, characteristic of the resistant parent and many F; families.—Fig. 2. Mild but distinct mottle, with little 
distortion or effect on leaf size—Fig. 3. Leaflet from O.S.C. 21, typical of the severe mottle type Fig. 4. General sys- 
temic vein necrosis and yellowed areas Fig. 5. Severe pod distortion and necrosis Fig. 6. Leaf and pod from a plant 


with extremely severe 


\ 


symptoms. 
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mottle severity, bei 


Plants in Classes 


slight systemi 


by plants in Class 


in a particular environment 
a population of 








described for the reported strains of BY MV#-°.6.7 jn 
a large number of bean varieties has been observed ip 
this segregating population. Actually, the range of 
symptoms produced in this test by a single virus 
strain extends beyond the limit usually accepted for 
the classification of BYMV strains in bean varieties. 
Although the genetic studies (Table 1) indicate that 
> Major genes may control differen es between sus. 
ceptible and resistant plants, it is probable that the 
variation in degree and form of symptoms in sus. 
ceptible types is influenced by many modifying genes, 
The diversity of systemic necrotic symptoms probably 
is conditioned by combinations of factors for systemic 
infection from the susceptible parent with factors for 
the localized necrotic reaction of G. N. 31. 

This study was made in a uniform environment—a 
situation favorable for the comparison of different 
genetic materials, That environment may affect svmp- 
tom expressions is well known. For example. the 
distinct local lesions usually produced on inoculated 
leaves of G.N. 31 are absent or indistinct under 
winter conditions in this locality. Furthermore, the 
terminal of O.S.C. 21 often is killed at an early stage 
during the winter by the same virus strain that causes 
only a severe mottle in spring and summer. The 
genetic effects discussed are meaningful only in terms 
of a particular environment and a single virus strain. 
Other strains may produce an_ entirely different 
symptom picture in such a breeding population. 

(ny study in which virus symptom expression is 
stressed should involve some consideration of the 
inherited potentialities of the plant materials, in 
addition to the well-known differences among virus 
strains and the effects of environment. since each of 
these factors may influence the form as well as the 


severity of disease expression. 


DEPARTMENT OF HORTICULTURE 
OREGON STATE COLLEGE 
CORVALLIS, OREGON 


‘Grogan, R. G., and J. C. Walker. 1948. A 


pod-distort- 
ing strain of the vellow mosaic virus of bean. J. Agr. Re- 
search 77 S01-314. 
Pierce, W. H. 1934. Viroses of the bean. Phytopathology 
24: 87-115 
6 Thomas, H. R.. and W. J. Zaumever. 1953. A strain 
of yellow bean mosaic virus producing local lesions on 


tobacco. Phytopathology 43: 11-15 

7Zaumeyer, W. J.. and H. H. Fisher. 1953. A new 
necrotic-lesion producing strain of yellow bean mosaic. 
Phytopathology 43: 45-49. 
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THE ISOLATION OF 


Ross B. Pringle and 


PTHE TOXIN OF HELMINTHOSPORIUM VICTORIAE ! 


Armin C. Braun 


SUMMARY 


The soluble metabolite responsible for the toxi 
manifestations ot the Helminthosporium blight dis- 


Phe purified toxin 


ease of oats has isolated 


been 
shows the same host specificity as does the causal 
im Susé eptible oat 
those pro- 
isolated by 


modified 


and produces symptoms 


fungus 
plants that are 
} 


duced py it. The 


indistinguishable fron 


toxic substance was 
shallow layers in 
at 25° C for 28 days 
the filtrate 
concentrated in icuo to one- 
Inert 


concentrate by precipitation 


growing the fungus in 
Fries’ No. 3 basal medium 
After removal of the 
was a idified 
tenth its original 
trom. the 


fungal mycelium. 
and 
volume. material was re- 


moved with 


methanol. After further evaporation in vacuo to re- 
move methanol, the toxin was extracted into butanol 
and chromatography on columns of 
The of the 


further chromatography on a 


purified by 


alumina and starch. toxin was 


che ked by 
of adsorbents, by paper chromatography, by iono- 
and by 


purity 


variety 


distribution. 
The 


inhibits the growth of susceptible oat roots at a 


phoresis. by counter-current 


the preparation of derivatives. isolated toxin 


concentration of 0.01 yg per ml. It is thus one of 
The 


active material appears to be polypeptide in nature. 


the most potent toxins known. hiologically 





Phe Helminthosporium blight of oats was first recog 
nized in the field in April. 1945 (5 Yielding ability 
of Victoria-Richland derivative reduced as 
mu¢ h as 50 per cent by this blight im 


Midwest 


oats was 
certain oat-grow 


Losses were even greater! 


ing regions of the 
in 1946 and 1947 These Victoria-Richland deriva 
tives had shown great promise because of their resist 
ance to the crown rust fungus. especially to thos¢ 
races for which there had previously been no source 
ot resistance 

The causal fungus was first recognized as a new 


who named 


found to 


species 1946 by Meehan and M irphy 


remain localized in the tissues of the host but to pro 


rictoriae (6H) It was 
that diffused through the 
followed by 


fungus Was 


duce an extracellular toxin 


ising a bronzing chlorosis and 


7 When the 


plant. ca 
necrosis grown on a 


j 
j 


synthetic medium. the toxin appeared in the culture 
filtrate and was capable of inducing symptoms similar 
to those caused by the pathogen on its host (3 Luke 


and Wheeler 
ot the 


developed a medium in which high yields 
1) - Their culture 
filtrates killed seedlings of sensitive varieties of oats at 
dilutions of | seedlings treated 
half that 
eported that 


the toxic material by 


toxin were produced crude 


LOO0: root growth ot 
1:1.000.000 was only about 
These 


concentrate 


with dilutions of 


seedlings. authors 


ot untreated 
thev were able to 


adsorption on charcoal and elution wit acetone 


This 


highly selective action 


interest because ot tts 


indertaken in 


toxin is of particular 


Its isolation was 


order to obtain material for biochemical studies 


pure 


on its 1 hanism of action The isolation proved to 





be exceed ngly difhcult because pon purihcation the 
\ I i rua! } 

The i - - t é < ‘ \liss 
Barbara A. Rasnick rt ! i ssis ng 
and --a g is iteria 

“The a rs are greatly indebted to Dr. H. E. WI 
Louisiana Stat University. Baton Rouge. Louisiana, for 
making ilable to them the ¢ position of a ilture 
mediul lavorahle tox produ is I 
high-toxin-producing strain of Helmint/ in t 
that < % n these studies. 


unstable. It more 
produced bv 


{ 10) 


toxin became extremely was even 
unstable than the toxin 


tabaci (Wolf & Foster) 


concentrated 


Pseudomonas 
stevens 
sufficiently to inhibit 


The toxin was 


crowth of roots of sus eptible seedlings when it was 


diluted to 0.01 pg per ml. The isolated material was 
shown to be essentially homogeneous 

Although we did not succeed in eluting the toxin 
from several kinds of charcoal with acetone, as was 


reported by Luke and Wheeler, we nevertheless believe 
it to be the same toxin that they 


\s a guide 


the toxin, the bioassay described below was developed. 


studied 


BIOASSAY. in following the isolation of 


This gave rapid, reproducible, quantitative measures 


concentration Seeds of a susceptible oat 


Park C.L. 6611 


and the hulls gently 


oft toxin 
variety were soaked in distilled water 


I removed by 


or 1 hour 
Phe hulled 


hours between sheets of moist filter 


3 
iorceps.” 


seeds were illowed to germinate tor 24 


paper. The potency 


of toxin concentrates could be assayed by measuring 
inhibition of root growth when these susceptible germi- 
nated seeds were placed in a dilution of the 
White’s nutrient salts (9) buffered at pH 
Mecllvaine’s standard buffer. Five ml of each 


l5-mm petri dishes, and 


serial 
toxin in 
5.0 with 
dilution was placed in 60 
introduced The assay 
18 hours at 25° ¢ It 


) seeds were into each dish 


was incubated was then read by 


taking as the endpoint the highest dilution that limited 


root growth toa length ot 1.0 em or less. Control roots 


orew to a length of 5.0 or 6.0 cm under these condi- 


tions. This procedure was found to be more reproduci- 


Wheeler (4 


ble than that used by Luke and 


When seeds from which the hulls were removed 
prior to germination were placed in White's salts 
solution. the rate of growth of the roots was more 
iniform than when unhulled oats were grown in dis- 


Che aut! Petr and Dr. 
Howard Rhoads of the Agronomy and Department, 
State College, Bozem Montana, for supplying 
the Park oats (CLI. 6611 and Dr. Murphy, 
toria oat 


hors wish to thank Dr. Frank ¢ 


Sols 


Hickman ¢ 


for « ipplying \ ! 
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tilled water. Buffering the solution ensured that all low 45° C to about 2000 ml. As evaporation proceeded, 
samples were tested at the same pH. This assay meas crystals of ammonium tartrate separated; these were 
ures essentially complete inhibition of root growth removed by filtration. An equal volume of methanol 
It was found very difficult to determine either directly was added to the filtered butanol concentrate, and the 
or by interpolation the which root growth was — solution was subjected to chromatography in 1000-m] 
50 per cent of normal because large changes in con- batches on Merck reagent aluminum oxide. A 160 xX 
centration around this 1 aused relatively small 75-mm column of this material was treated with 10 
differences in the length of produced per cent H,SO,, washed with water until the eluate 

PRODUCTION OF TOXIC FILTRATES——In the initial reached pH 3.5, and dried with methanol. After the 
studies. some 34 different strains of H. victoriae were 1000 ml of toxin solution in butanol-methanol had 
grown on a variety of culture media and under various Passed into the column, 500 ml of methanol was passed 
cultural conditions.‘ Most strains produced little toxin, through, followed by 50 per cent aqueous methanol. 
and those that did auickly lost this .abilits lwo Development with 50 per cent methanol was continued 
isolates derived from singl. res of strain © of Luke until 2 colored bands had passed down the column, 
and Wheeler were very effective producers of toxin, This usually required about 1000 ml. After the second 
and they retained this ability for more than a year. brown band had passed from the column, the toxin 
These 2 isolates were used for the production of toxin was eluted with 1000 ml of 1 per cent aqueous acetic 
The following procedure » leveloped by modifying @¢cid. [he acetic acid eluates were concentrated in 
that of Luke and Wheeler (4 vacuo below 45° to a volume of 1000 ml. This solution 

One hundred Erlenmeyer flasks of l-liter capacity ae = at about O02 ng of cry weight per mi a 
were charged with 100 ml of a modified Fries’ No. 3 solution. 
basal medium of the following composition: am Purification beyond this stage was exceedingly diff- 
monium tartrate. 5.0 NH.NO.. 1.0 KH.PO,, 1.0 cult because of the instability of the toxin. The activity 
g: MgSO,-7H,.O. 0.5 g: NaCl. 0.1 g: CaCl. -2H.O. could be raised to 0.01 ug per ml by chromatography 
0.13 g: sucrose. 30 g: MnSO 1H.O0, 1.0 mg: Lawl. on a column of starch according to the technique of 
acid, 1.0 mg: CuSO,. 0 ¢: ZnSO,-7H.O, 0.1 mg; tein and Moore (8). An equivalent of 20 mg dis- 
FeSO,-XH.O, 20 mg: and distilled water to make solved in butanol was placed on a 40 1.9-em column 
1000 ml (2). The medium in each flask was seeded as 29d developed with a solvent mixture of 75 ml water 
described by Luke and Wheeler (4). After incubation @24 5 ml acetic acid dissolved in sufficient butanol to 
at 25° C for 28 davs. the culture solution containing ™@ke 500 ml. Progress of the chromatography was 
the toxin was harvested by filtration through several {ellowed by assaying aliquots of eluate. 
layers of cheesecloth. Eacl ch batch was assayed: The value of maximum activity of 0.01 yg per ml 
if the filtrate was not act dilution of 1:8000, was obtained by assaying and determining dry weights 
it was discarded Average batches assaved to 1: from aliquots of the effluent from the starch column. 
128.000. Active filtrates were acidified to pH 3.6 with he material was too unstable to dry. weigh. and assay 
0.1 N H.SO,. pooled, and processed in batches of 100 directly. After being dried in vacuo at 20° C, the ma- 
liters. terial darkened and failed to redissolve completely in 

ISOLATION OF THE TON One hundred liters of water. 
culture filtrate were evaporated in vacuo below 45° (¢ Yields of toxin were in the order of 100 mg for each 
in a large-capacity circulating evaporator to a volume 100 liters of culture filtrate processed. 
of 10 liters. An equal volume of methanol was stirred EVIDENCE FOR PURITY OF THE TOXIN.—The toxin is 
with the solution, and the xture was placed at 5° ( rapidly inactivated by pH above 4.0 and by aeration. 
for 48 hours. After this time the precipitated material Even lyophilization of solutions caused a great loss 
was removed by filtration, washed with cold 50 per of activity. These considerations made purification 
cent methanol, and discarded. The filtrate was con dificult: however, as many different procedures as 
centrated in vacuo below 4 to remove methanol. A possible were employed to make certain that the prepa- 
precipitate appeared as the tion was concentrated — ration was relatively free of impurities. The fact that 
to a volume of about 8000 ml; this was removed by — the purified material was active at 0.01 yg per ml mini- 
filtration and discarded. The filtrate was extracted in mizes the probability that activity could be due to an 
l-liter batches with an equal volume of 1-butanol Phe impurity 
extraction was repeated twice, causing the aqueous The purified material was chromatographed on a 
phase to decrease to about per cent ol s original column of powdered cellulose (Solka-Floe BW200) 
volume. prepared and run as described previously (10). In this 

The butanol extract was entrated be system the toxin moved as a single component, and no 

increase in potency was obtained. 

‘Isolates of Helmini pie miane mnie tke The purified material was chromatographed in the 
supplied by the following perso D) William B. Alling same solvent system on a Grycksbo paper-roll column 
ton, Robert W. Earhart, 5. 5. Ivanoff, Arthur Kelmat (1). Again, only a single band of activity was found, 
Frances M. Latterell, Curt Leb« E. S. Luttre Julian H . 

ii i oe ies Blas “a: a an ees and no increase in potency on a dry-weight basis was 
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The purified material was chromatographed on pa- 
per by means of the following solvent systems. The 
R, values of the toxin were determined by cutting the 
paper into small segments and assaying each. 


Butanol:benzy!l alcohol:water (1:1:0.288) Ry 0.0 
Butanol:acetic acid:water (100:1:15) 


Propanol:acetic ac id:water (200:3:100) R- 0.7 


Propanol:phosphate buffer pH 5.0 (2:1) R; 0.8 
Methy! ethvl ketone :propionk acid: water 
(15:5:6) Ry 0.8 


In none of these systems was there evidence of more 
than a single active component. 

To study the homogeneity of the preparation further, 
jonophoresis on paper was used at those pH levels 
where the toxin was stable. i.e. below pH 4.0. In each 
of the systems. glycine-HC1] buffer pH 2.5, HC1-KC] 
pH bm M acetic acid. or 1.5 M formic acid. only 1 
toxic component was found. The material migrated 
at about the same rate as did valine. Runs were made 
so that the material moved across about 20 cm of 
paper. 

The purified toxin was distributed in a counter- 
current system consisting of butanol and 1 per cent 
acetic acid solution. Because the toxin was inactivated 
by this procedure, only 6 transfers were made. A 
single peak of activity was found in this system. 

Finally. toxic activity was shown to follow the com- 
pound through a series of chemical manipulations. 
The toxin was first precipitated from aqueous solution 
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by picric acid. The dried picrate was then dissolved in 
anhydrous acetone, from which the toxin was precipi- 
tated by dry hydrogen chloride. This precipitate, after 
being washed thoroughly with acetone and redissolved 
in water, still retained the biological activity of the 
toxin. Since a major percentage of activity was lost 
during this manipulation, it was not a satisfactory pro- 
cedure for preparing an analytical sample. 

The toxin appears to be poly peptide in nature. Al- 
though fresh biologically active preparations did not 
react with ninhydrin, this reaction was noticed as the 
preparations lost activity. When the toxin was hydro- 
lyzed by 6 N HCl] or by 10 N NaOH, the ninhydrin 
reaction became progressively stronger. Completely 
hydrolyzed samples showed at least 7 ninhydrin-react- 
ing substances. An attempt is being made to charac- 
terize these compounds. 

Because of the instability of this toxin, it has not yet 
been possible to obtain a preparation suitable for 
melting-point determination or for elemental analysis; 
however, we believe that we have succeeded in pre- 
paring material that is relatively free of impurities and 
is suitable for experiments on the biochemical mechan- 
ism of action of this toxin. 


THe Rockereccer Institute FoR Mepicar Researcu 
New York, New York 
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When partially purifi reparations of wild cu 
cumber mosaic virus were examined in an ultra 
centrifuge. 2 schheret were observed. sug 
gesting that 2 components were present. Such 


virus suspensions crose density-gradi 


ent columns produced 2 opaque layers after high 
speed centrifugation Phi ipper layer wa the 
ultracentrifugal top component, the lower layer 
was hottom component Infectivity studies showed 
that without exception the bottom component was 
infectious whereas tl t component was not 
Ultraviolet absorption test ive absorption curves 


typical of nucleic acid for both bottom component 


Electrophoresis studies revealed the 
pH 6.6 in phosphate buffer. 
determined to be 

115.5 
that the 
density 


nue lei ae id 


isolectric point to be 
constants were 
99.2 S and S 


Sedimentation 


s (top) ( bottom ) 


20, Ww 
he X-ray 


bottom 


scattering experiments showed 


component is relatively uniform in 


and approximately spherical with a diameter of 
28 A. The top component has a dense shell with 
inner and outer diameters of 210 and 280 A, re- 


filled 
when 
have a_par- 
\ for both top and bottom 
poly- 


spectively. the central portion being partly 


with material. Frozen-dried preparations, 
electron 
280 


Both components appear to be 


examined in the microscope, 


ticle size of about 
components, 


hedronal in shape 





and whole virus s IsSpeNnslo whereas top compo 
nent suspensions appeal contain little or no 
Preliminary studies 0 the bi nvsie al prope rties of 
several spherical plant ruses heen made in this 
laboratory in an effort to find examples in which the 
infected plant produces, in addition to the virus, a 
protein related to it he | t such discovery was 
made by Markham and 5 who showed that 


the multiplication of turnip yellow 


companied by the production -called top com 
ponent protein, | e top co ponent was shown to he 
structurally similar to the prote portion of the virus 
and its studv. together t t of the virus. has con 
tributed much to our knowledge of virus structures 
Similarly. a study of ispensions of squash mosak 
virus revealed the presence of high-molecular-weight 
components (6) Their structural relationship was not 
determined. although the to col wnent of this virus 
was found to be not infectio Wild cucumber mosai 
virus, isolated by J. H. Freit ind described by 
Lindberg. Hall. and Walker iS many properties 
similar to those of squasl is irus but is sero 
logically distinct. The mult tion of this virus is 
accompanied by the produ ( 1 large protein 
particle. Some of th opt propertie of these 
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components are described below. 


PURIFICATION AND SEPARATION AND BOTTOM 


Phe 


tially purified by acid fractionation followed by alter- 


OF TOP 


COMPONENTS. virus was concentrated and par- 


nating high- and low-speed centrifugation in a Model 


lL. Spinco ultracentrifuge (3). The final pellets were 
suspended in 0.1 M sedium phosphate buffer (pH 6.2) 
Svedberg oil 


Two schlieren peaks were obtained. 


ultracentri- 

Identical 
Virus preparation, in a 
0.1 M sodium phosphate buffer at pH 7.0. 
Model E 


These results suggested that the preparation 


and examined in a turbine 


luge. 


results were obtained when the 


Was e€X- 


amined in a Spinco analytical centrifuge 


(Fig. ] 


consisted of 2 components, which were designated as 


top and hottom. 


The use of a separation cell in the Spinco analytical 


centrifuge made it possible to obtain small quantities 


of top component free from bottom component, but 


the latter could not be obtained entirely free from the 
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Fic. 2. Apparatus used for preparing sucrose density- 
gradient columns. A 5-rpm motor forces both syringes 
down evenly. The more concentrated sucrose solution from 
the right is mixed with the less concentrated on the left 
by means of the magnetic stirrer, and the resulting solu 
tion is forced into the centrifuge tube. 


top component. Infectivity studies made on pumpkin 
(Cucurbita pepo L. var. Small Sugar) showed that a 
suspension containing mostly bottom component (with 
a small admixture of top component) remained in 
fectious, whereas one containing only the top compo- 
nent did not. 

The limitations imposed by the separation cell were 
overcome with sucrose density gradients similar to 
those described by Brakke (1). Density-gradient col- 
umns of sucrose dissolved in 0.1 M sodium phosphate 
buffer (pH 5.0 or 7.0), were made with an apparatus 
(Fig. 2) designed by Professor R. M. Bock. Two 
20-ml syringes resting on sponge rubber rings were 
held in place with a Lucite block. A threaded rod 
attached to a 5-rpm motor allowed for slow turning 
and equal pressure on the syringe plungers. A 40 per 
cent sucrose solution was forced from the syringe on 
the right through a modified hy podermi needle into 
the syringe on the left. which contained 5 per cent 
sucrose, and there was agitated by means of a small 
magnetically operated stirrer. The resulting sucrose 
mixture was forced out and down to the bottom of the 
centrifuge tube through a hypodermic needle. At the 


beginning. only 5 per cent sucrose was deposited there 
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The more concentrated sucrose solution lifted the less 
concentrated solution and resulted in the formation 
of a smooth gradient ready for immediate use. Ap- 
proximately 2 ml of a concentrated virus suspension 
was layered on top of each column by means of a 
hypodermic needle and syringe. These tubes were 
then centrifuged immediately at 25,000 rpm for ap- 
proximately 2 hours in a Spinco Model L ultracentri- 
fuge equipped with a swinging bucket rotor, No. 
SW25.1. When the tubes were removed and placed 
directly under an incandescent bulb, 2 opalescent 
lavers were observed in the gradient column, the lower 
being less than halfway down, the other about 1/3 the 
way down. A clear layer consisting of buffer remained 
on top of the gradient column. An increase in the 
length of centrifugation did not materially increase 
the separation of the 2 components. The lower layer 
proved to be bottom component, the upper layer to be 
top component. These layers were removed separately 
with a syringe attached to a J-shaped hypodermic 
needle brought to rest under each layer. In no case 
did concentrated healthy-plant sap, taken through the 
same procedure, show any opalescent layering 

After each separation, 9 seedling plants of pumpkin 
were inoculated with each of the 2 components; with- 
out exception, the top component suspension was not 
infectious, whereas all plants inoculated with the 
bottom component developed symptoms typical of 
those incited by the whole virus. 

ULTRAVIOLET ABSORPTION.— Both bottom component 
and whole-virus suspensions, when examined in a Cary 
Model 11 recording spectrophotometer, showed ab- 
sorption at 260 mu typical of nucleic acid. Absorp- 
tion curves of top component suspensions had a broad 
plateau in the neighborhood of 270 mu, suggesting that 
they contained little or no nucleic acid (Fig. 3) 


ELECTROPHORESIS.—-Samples of the concentrated 
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Fic. 3. Ultraviolet absorption of top component (lower 
curve) and bottom component (upper curve) suspensions 
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cucumber mosaic virus. 
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is. Schlieren peaks and Rayleigh interference fringes in 0.1 


olts em. The descending boundary is on the left. 
at time ¢ (Fig. 6). Extrapolations were made to infi- 
nite dilution in buffer (Fig. 7). The extrapolated 
values, 54.4 S and 107.1 S. were corrected to the values 
that would obtain in water at 20°C. This required a 
knowledge of the partial specific volumes of the 2 com- 
ponents. These were taken arbitrarily to be the same 


as reported by Markham (4) for the turnip yellow 
mosaic virus. The corrected sedimentation constants 
5 Svedberg units) are as follows: Soy. (top) 

99.2 S. and S.,,,. (bottom) 115.5 S. Healthy-plant 


sap showed no indication of any sedimenting compo- 
nent 
Samples from the 3 layers seen in the density-gradi- 


ent column also were examined. The sample from the 
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Fic. 7. Extrapolation of sedimentation coefficients as a 
function of concentration. The concentration given is that 
of the bottom component as measured by ultraviolet absorp- 
tion. Concentration of top component ts proportional to 
that of bottom. Solid line extrapolations give yo, 94.4: 


Ss 107.0. 


topmost clear layer showed no sedimenting component 
at speeds up to 59.780 rpm. This layer was considered 
to be the buffer in which the virus was originally sus- 
pended. The sample from the middle layer consisted 
of pure top component, whereas that from the bottom 
laver showed bottom component together with some 
remaining top component that was almost completely 
removed by a second separation in the density-gradient 
cell 

When the virus dissolved in pH 8.0 buffer described 
above was centrifuged, only 1 peak was observed; the 
rate of sedimentation corresponded to that of the top 
component 

DIFFUSION. An estimate of the diffusion constant 
D for a suspension containing both top and bottom 
components was made by permitting an extremely 
sharp ascending boundary. formed near the end of an 
electrophoresis run, to diffuse for more than 10,000 
minutes. Values for D were determined from photo- 
graphs of the Rayleigh interference fringe taken at 
4900. 7060. and 10,025 minutes by the method de- 
scribed by Svensson (8). The effect of the initial 
buffer gradient should be negligible after the above 
lengths of time. Of a total of 13.4 fringes on the 
photographs, 9 or 10 of those in the center of the 
pattern fell on a straight line on a plot of coordinate 
of the fringe versus the integral of the error function. 
The value of D was calculated from the difference in 
the squares of the slopes of the lines from 2 photo- 
graphs in order to eliminate the difficulty in determin- 
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ing the starting time. The average of the 3 possible 


values determined in this manner was 5.8 x 1075 
cm*, second at a temperature of 2°C. This gives Duy, 
1.1 *& 10-7 em*/second. This result is the right 


order of magnitude for a particle with a diameter of 
300-400 A; however, its value is not accurate enough 
to warrant calculation of particle diameters or mole- 
cular weights. 


X-RAY SCATTERING.—The angular distribution of X 
rays scattered from solutions of top and bottom compo- 
nents was measured in order to obtain information 
about their size and shape (7). By means of a Fourier 
inversion, the radial electron density of the 2 compo- 
nents was obtained (spherical symmetry was as- 
sumed). Plots of the radial electron density indicated 
that the top component has a dense protein shell with 
an outer diameter of 280 A and an inner diameter of 
210 A. The center is filled with a material less dense 
than the shell. The bottom component is approxi- 
mately 284 A in diameter and is nearly uniform in 
density. If indeed the protein and the virus are struc- 
turally related (as are turnip yellow mosaic virus and 
protein), it would seem necessary to conclude that the 
nucleic acid is localized within a diameter of 210 A, 
since in this volume there is considerably less material 
in the protein than in the virus. A more extensive de- 
scription of these data is to be published. 

ELECTRON MICROSCOPY.—Air-dried and frozen-dried 
preparations of the top and bottom components were 
examined in the electron microscope. Samples for air- 
drying were sprayed with a high-velocity gun onto 
carbon films mounted on standard specimen screens. 
Frozen-dried samples were prepared by essentially the 
method described by Williams (9). Virus suspensions 
were sprayed onto carbon-filmed screens in contact 
with a cold brass block (—70°C). Sublimation was 
carried out at about —40°C. All samples were shad- 
owed with uranium and examined in an RCA electron 
microscope. Model EMU2. 

Air-dried samples of bottom component invariably 
showed uniform, circularly contoured particles about 
370 A in diameter (Fig. 8. A). The shadows indi- 
cated a thickness of less than 200 A. Frozen-dried 
particles were polygonal in contour, the most fre- 
quently appearing number of sides being 6 (Fig. 8, 
B). The particles were about 280 A in diameter and 
their shadows indicated they were not flattened. The 
shadows usually exhibited 4 or 5 straight sides, sug- 
gesting that the particles have the shapes of poly- 
hedrons with at least 12 faces. 

Electron micrographs of air-dried top component 
usually showed what appeared to be amorphous masses 
of material together with greatly flattened individual 
particles with diameters in the neighborhood of 400 
450 A and a thickness less than 150 A (Fig. 8, C) 
Pictures of frozen-dried preparations showed the usual 
}-dimensional masses obtained by freeze-drying and 
also showed polygonally contoured particles of diame- 
ter about 280 A (Fig. 8, D). Their shadows often had 
several straight sides, and their length indicated that 
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the particles were not flattened. The particles are very appearance to allow a more definitive statement about 


likely polyphedronal in shape. but neither their con their morphology. 
tours nor their shadows w sufhiciently consistent in It is clear that the air-dried partic les of both top 


Fic. 8. Electron micrograp! ft one! rf vy { cucumber moss suspensions (about 180,000). A) 
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and bottom component have been severely flattened by 
surface tension effects. 
Discussion.—The_ studies described above show 


quite clearly that the bottom component of wild cu- 


cumber mosaic virus suspensions has physical prop- 
erties similar to those of several well-known so-called 
spherical viruses, Its ultraviolet absorption corre- 
sponds to that of nucleoprotein. The component gives 
an X-ray scattering curve characteristic of a nearly 
spherical particle with diameter of about 284 A. Elec- 
tron micrographs yield a similar dimension and sug- 
gest a polyhedronal shape. Infectivity is associated 
with this component, and it can be assumed for the 
present at least that it is the wild cucumber mosaic 
virus. 

The role played by the top component is less obvi- 
ous. Its physical properties make it attractive to con- 
jecture that it bears the same structural relationship 
to the bottom component as does the top component 
of turnip yellow mosaic virus to its bottom component. 
That is, the top component is a nucleic-acid-free pro- 
tein similar in structure to the protein portion of its 
bottom component, Its ultraviolet absorption corre- 
sponds to a protein that is free of nucleic acid. Data 
on X-ray scattering indicate that it is a semihollow 
sphere with inner and outer diameter of 210 and 280 
A. respectively. Electron microscopy yields a similar 
external diameter of 280 A with a hint of polyhedronal 
structure: however, there is no electron microscopic 
evidence for a hollow structure. The electrophoretic 
experiments are consistent with the assumption of 
similar superficial structure for the top and bottom 
component particles 
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Organic Acids and the Control of Two Seedling 
Blights by the Water-soak Method.’ P. Jacouer. Curt 
LeBEN-, AND D. C. Arny. In continuation of work 
reported by Leben. Scott, and Arny on the nature of 
the mechanism of the water-soak method*, it seemed 
of interest to test further the organic acids found in 
the steep-water by attempting to control seed-borne 
diseases through treatment of seed with these acids in 
pure form. Two seedling blights incited by Helmintho- 
sportum victoriae Meehan & Murphy and H. sativum 
Pam., King. & Bakke. in oats (Vicland, C.l. 3611) 
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‘Leben, C., R. W. Scott, and D. C. Arny. 1956. On the 
nature of the mechanism of the water-soak method for con- 


trolling diseases incited by certain seed-borne pathogens 
Phytopathology 46: 273 
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The evidence for the relationship between top and 
bottom components is by no means conclusive. It is 
sufficiently suggestive, however, to warrant more ex- 
tensive biophysical experiments as well as serological 
and chemical analyses when more material becomes 
available. 
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OGICAL NOTE 


and barley (Wisconsin Barbless, C.l. 5105), respec- 
tively, were employed. Both diseases have been re- 
ported to be controlled by the water-soak method.* 
Seed was naturally infected with the organisms. 
One part of seed was soaked in 5 parts of the test solu- 
tion (weight ‘volume). Variables included in the treat- 
ments were length of soaking time, temperature dur- 
ing the soaking period, and pH and concentration of 
the solution. Since the metabolic activity of micro- 
organisms during the soaking period had been impli- 
cated in the production of the acids,* tests with these 
materials were conducted under conditions unfavorable 
for microbial activity, i.e. a short soaking period or 
a low temperature. After treatment, seed was dried 
and then sown in flats in the greenhouse. There were 
} replicates of 50 seeds for each treatment in each 


*Arny, D. C.. and C. Leben. 1956. Control of several 
small grain diseases by the water-soak seed treatment. 
Phytopathology 16: 344-345 
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Tasie 1.—Germination o/ see I isease neidence in seedlings following the soaking of oat seed, infected with 
Helminthosporium tor a of barley seed, infected with H. sativum, in a synthetic mixture of organic acids * 
in water 
Oat seed infected with Barley seed infe¢ ted 
H. victoriae with H. sativum 
Concentration Percentage Percentage 
Tj H of of Percentage diseased Percentage diseased 
lreatment ho ‘ theti “‘syntheti germination seedlings germination seedlings 
None 92 24 94 92 
Ceresan M 94 ] QY 2 
Water > BO 8 85 15 
Synthetic rf) 20 84 8 
10 $3 ] 94 52 
> 85 3 83 59 
aad 8] 8 93 81 
f a) LO 8] 2 9] 66 
20 79 2 9] 74 
10 88 6 92 72 
{ 20 65 ] 89 3] 
10 89 } g? 19 
6 20 85 } 90) 74 
lO 90 ll 96 79 
| 1) 25 6 89 > 
20 87 } 85 50 
6 10 86 5 87 97 
40) 86 6 89 63 
| | 10 27 } 82 15 
%”) 80 ; 89 5 
f 1) 88 7 93 65 
20 9] y 88 7 
} } 20 70 50 
10 90 74 
4 LO) 80 9 
20 96 81 
10 Q7 Q3 
) 4 6 1) 93 78 
20 97 81 
10> 96 87 
LSD* (P= 0.05) 7 5 8 1] 
“Synthetic was composed of 98 per cent formic acid, 0.05 ml/l; glacial acetic acid, 0.12 ml/l: n-butvrie acid, 0.18 
ml/l: succinic acid, 15 mg/l: and absolute ethanol, 1.0 ml/I. 
"A 1X concentration contained the approximate amounts of organic acids found in filtrates from soaked seeds. 
*Ceresan M data not included in statistical analysis 
test. the soaking period. For oats, several combinations 
The acid solution “synthetic” contained the approxt- were effective. A treatment period of 56 hours at 2°C 
mate amount of organic acids found in filtrates from gave control at a5 or 10% concentration at pH 5, 
soaked seed. This mixture was composed of the or with 20 or 40 at pH6. With a shorter treat- 
following: 98 per cent formic acid, 0.05 ml l: glacial ment period, 24 hours, 10% at pH5 or 20% at pH6 


acetic acid. 0.12 ml/l: n-butyrie acid. 0.18 mill: 


succinic acid. 15 mg/|: and absolute ethanol. 1.0 ml 1. 


It should be noted that in the “synthetic” used for 
spore germination § studies no ethanol was added: 


however. since some ethanol had been detected in the 
filtrates. it was decided to use it in the “synthetic” for 
the experiments here described. The pH of the solu 
tion was adjusted with NaOH 

The results of these tests are con piled in Table 1 
Ceresan M (7.7 per cent V-(ethylmercuri)-p-toluene- 
sulfonanilide), considered as a control. was effective 
against both blights when applied at the recommended 
rate of 0.55 oz per bushel The effect of “synthetic” 
was dependent on 1) concentration, 2) pH. 3) length 
of the soaking period, and 4) the temperature during 


were required for control. For a still shorter treatment 
period, 4 hours, 20% or 40% were necessary at pH5 
or 6. For the control of the barley seedling blight. 
these same general relationships were observed. It 
is concluded, therefore, that as the pH of “synthetic” 
is lowered. less of it is needed for disease control or 
a shorter treatment period will suffice. Concomitant 
with the lowering of the pH, however, is an increase 
in phytoxicity to both plant species (Table 1). 

The work in this paper is taken as further evidence 
of the importance of organic acids as factors in the 
effectiveness of the water-soak treatment for the control 
of certain diseases incited by seed-borne pathogens. 
Departments of Plant Pathology and Agronomy. Uni- 
versity of Wisconsin, Madison. 











